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Background: Electronic cigarettes are battery powered nicotine vaporizers built with a heating 
element that atomizes an e-liquid solution.  Studies have been conducted to understand user 
nicotine exposure however, replicating realistic use patterns, puff topography, is necessary to 
conduct accurate emissions studies. Previous studies have been conducted in the laboratory 
environment using the CReSS Micro System however, this instrument has limitations making it 
impractical to measure natural use behavior. The Wireless Personal Use Monitor (wPUM), 
developed at RIT can overcome the CReSS limitations to capture usage behavior in the natural 
environment. The wPUM was deployed in 2015 to measure the usage behavior for 20 electronic 
cigarette users for one week in the natural environment. The study reported anomalies in the 
subjects’ data files which was later found to have impacted the wPUM performance.  Results of 
this study prompted the team at RIT to investigate the performance of the wPUM under different 
conditions in a controlled environment. 
Goal: The goal of this research is to validate that the wPUM is capable of gathering electronic 
cigarette topography data under various controlled conditions and to characterize the wPUM’s 
working range. 
Methods: The wPUM was tested utilizing RIT’s Programmable Emissions System (PES) to drive 
the desired puffing topography. Puffing characteristics varied to determine the wPUM’s working 
range for puff duration, volume, period and flowrate. Standard profiles were also tested including 
the Federal Trade Commission (FTC) / International Organization of Standardization (ISO) 
Standard, the Massachusetts Department Public Health Standard, and the Health Canada Intense 
(HCI) Regimen Standard.  Each test was performed with three electronic cigarette brands under 
dry and condensation conditions. 
Results: The results of this study show that the wPUM is capable of detecting variable puffing 
topography under various testing conditions and environments. It is a reliable device for capturing 
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1 CHAPTER 1: INTRODUCTION 
1.1 ELECTRONIC CIGARETTE FUNCTIONALITY 
An electronic cigarette, an alternative smoking device from conventional cigarettes, also referred 
to as an e-cig, e-cigarette, personal vaporizer (PV) or electronic nicotine delivery system (ENDS) 
is a battery powered vaporizer. Electronic cigarettes use e-liquids which are typically comprised 
of a mixture of propylene glycol, glycerin, nicotine and flavoring. Instead of using fire to ignite 
the device like traditional cigarettes, electronic cigarettes have a heating element built into the 
device that atomizes the liquid solution so the end user can inhale vapor.  
 
Figure 1.1: Basic construction of an electronic cigarette. [1] 
Electronic cigarettes are comprised of various parts and vary by brand however, the basic 
construction of an electronic cigarette is approximately the same. In Figure 1.1 (above) a 
rudimentary disposable electronic cigarette construction is outlined. The Nicotine Cartridge 
segment is comprised of a vaporizing chamber and heating coil. This is where the e-liquid solution 
is stored. The heating coil within this chamber is usually wrapped in an absorbent material like 
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cotton. This is the area in the device where the liquid is atomized into a vapor. The other segment 
of the device is the Rechargeable Battery. The voltage control device can either be incorporated 
into this section or can be its own segment. Most of the rechargeable batteries used in electronic 
cigarettes are lithium-ion based. At the very end of the device is an LED indicator that illuminates 
to simulate burning. As the user inhales, a sensor triggers the atomization of the e-liquid solution. 
The liquid becomes a vapor and is drawn into the user’s mouth.  
1.2 TYPES OF ELECTRONIC CIGARETTES 
There are numerous versions of electronic cigarettes available on the market. Dr. Risa Robinson 
and her team at RIT have created four categories of electronic cigarettes. Those four categories are 
disposable, rechargeable, refillable and rebuildable. This study specifically aimed to investigate 
disposable and rechargeable electronic cigarettes. The models used in this study are identified in 
Figure 1.2 (below). 
 
Figure 1.2: Image of the disposable electronic cigarettes used in this study. From left to right: Zoom, Blu, and N-
Joy.  
The disposable electronic cigarette was designed to be used like a traditional cigarette. Each brand 
has a designated number of puffs that can be smoked before all the e-liquid is used. Once all of the 
liquid has vaporized, usually indicated by the LED rapidly flashing, the user throws away the 
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device and then can use the next one.  The rechargeable electronic cigarette is the next generation 
of the disposable electronic cigarette. Instead of disposing the entire device the only part that needs 
to be replaced is the Nicotine Cartridge. The rechargeable device usually comes with a charging 
unit that connects to the lithium battery so it can recharge. The disposable and rechargeable models 
are the most basic models of electronic cigarettes. 
  
Figure 1.3: On the left hand side the refillable eGo-T device used in the Farsalinos et al. study is presented. Part A is 
the atomizer and Part B is the battery. On the right hand side a rebuildable electronic cigarette is presented. 
The next model that is a little more sophisticated is the refillable electronic cigarette identified on 
the left hand side of Figure 1.3 (above). The refillable electronic cigarette model is also 
rechargeable but, has two unique features not available from the previous models. The first feature 
is the refillable tank, identified in Section A. Instead of the device coming with a predetermined 
amount of e-liquid the user can instead fill the clear tank near the mouth piece. This allows the 
user to experiment with different nicotine strengths and flavors unlike the disposable and 
rechargeable models. This device requires the user to manually push a button to activate the device. 
This will then indicate to the device that the atomization of the e-liquid is desired. The user must 
hold the button down for the entire puffing duration in order for the device to continuously create 
vapor. The last type of electronic cigarette is the rebuildable electronic cigarette identified on the 
4 
 
right hand side of Figure 1.3 (above). This device gives the user the most customization for their 
product. They are able to change the voltage, wattage, coil resistance, number of coils, coil location 
and air flow. Companies and users claim that these modifications impact the quantity and quality 
of the vapor. Like its predecessor, the refillable electronic cigarette, this device also requires a 
manual button activation in order to create vapor to inhale.  
1.3 HISTORY AND GROWING USE OF ELECTRONIC CIGARETTES 
Electronic cigarettes were first developed in 2003 in Beijing, China by an inventor named Hon 
Lik. They soon entered both the European and United States markets in 2006 – 2007. Since then 
they have gained tremendous popularity amongst various sub populations in the United States. 
Organizations like The World Health Organization (WHO), The Food and Drug Administration 
(FDA) and the Centers for Disease Control and Prevention (CDC) have been working to determine 
the safety of these devices and any necessary regulations to limit health risks on its consumers.  
However, this process has been slow and has only started to gain momentum in the last few years. 
At the end of 2013 The American Academy of Pediatrics (AAP), an agency dedicated to the health 
of all children, urged the FDA to issue a rule to regulate these devices. A study conducted by Duke 
et al. [2] titled “Exposure to Electronic Cigarette Television Advertisements Among Youth and 
Young Adults” discovered that children aged 12 – 17 had a 256% exposure increase of electronic 
cigarettes from 2011 to 2013 and young adults aged 18 – 24 had an increase of 321% in the same 
time frame. This increase has a direct correlation with usage increase amongst young people.  
According to the latest statistics provided by the FDA more than 3 million middle school and high 
school students were electronic cigarette users in 2015. This corresponded to 5.3% of middle 
school students and 16% of high school students. Electronic cigarette usage has risen in both these 
sub populations from 2011 to 2015. In middle school the percentage increased from 0.6% to 5.3% 
and in high school the percentage increased from 1.5% to 16.0%. [3]  
This has caused numerous research groups at different universities and institutions to begin 
conducting research to understand how electronic cigarettes work and how their consumers are 
using them. Unfortunately, most of the research conducted to date has been qualitative instead of 
quantitative. The team at RIT have committed their selves to developing technology capable of 
quantitatively analyzing how subjects smoke in their natural environment in an unobtrusive 
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manner. Understanding how people smoke is necessary to create legitimate regulations that are 
reflective of how the devices are actually being used. This data will help organizations understand 
what standard testing procedures, manufacturing requirements and legislative regulations are 
required to ensure the safety of electronic cigarettes on their consumers.  
1.4 FDA REGULATION 
In the 1970’s there was an upsurge in popularity for low yield cigarettes. Many assertions were 
made claiming that low yield cigarettes were less harmful than conventional cigarettes. However, 
in 2008 after an analysis of the negative impact low yield cigarettes had on the population the 
FTC/ISO decided to rescind protocols because they failed to account for compensatory behavior. 
This protocol had a standard puffing topography: puff duration, puff volume, and interpuff. The 
profile was used by cigarette companies to regulate and test their products. The standard was a 2 
second puff duration, 35mL puff volume and 60 second interpuff.  
In May 2016 the FDA finalized a rule extending its authority to oversee all tobacco products 
including electronic cigarettes. It now will require all manufacturers, importers, and retailers to 
abide specific requirements. These requirements range from registering manufacturing 
establishments and providing product listings, reporting ingredients and how harmful they 
potentially could be to consumers, requiring premarket review and authorization, placing health 
warnings on products and advertisements, as well as not selling modified risk tobacco products 
(light or mild) unless authorized. [4] The FDA hopes that these new regulations will help mitigate 
the risks associated with tobacco products.  
This supports the need to create a new protocol that can be used to test and regulate electronic 
cigarettes.  The preliminary information needed to start creating a solution is to understand  how 
people use electronic cigarettes. Puffing topography ultimately affects the amount of emissions 
users are consuming when using electronic cigarettes. Capturing the variation amongst brands, 
devices and other users is necessary in order to create universal testing procedures. By creating a 
range of smoking profiles that are reflective  the people using the products, legislators and 
organizations can implement manufacturing regulations on companies to make sure that users are 




Figure 1.4: Electronic cigarette regulatory cycle. 
1.5 CURRENT METHODS FOR TOPOGRAPHY MEASUREMENT 
Topography has been measured using different types of instrumentation. There is currently a 
limited number of devices available on the market that can measure all the desired topography 
characteristics needed in order to understand how consumers use electronic cigarettes. The two 





Figure 1.5: Device A is the EVIC Joyetech [5]and Device B is the CReSS Micro System [7]. 
The EVIC, identified in Figure 1.9A (above), is a visualization operating system developed by 
Joyetech. The system is capable of recording and managing the users vapor history. It records the 
number of puffs, output voltage and monitors temperature. According to a Joyetech  technical 
support agent the device has no limitation to the number of puffs that it can measure. However, 
the number of puffs is the only topography characteristic that can be measured and therefore offers 
limited data.  
The most common device used to measure electronic cigarette topography available on the market 
is the CreSS Micro System developed by Borgwaldt KC Inc. It is a portable device capable of 
measuring all the desired topography characteristics in this study. Unlike the on and off switch 
available on the Wireless Personal Use Monitor (wPUM), the CreSS Micro System automatically 
starts collecting data after an electronic cigarette has been inserted into the device.  The puff data 
collected can be configured into two options: 1) puff summary or 2) puff profile data. The puff 
summary configuration only supplies the statistical summary of the puff data which helps 









configuration shows the complete data summary in addition to the puff profile shape. The data 
collected from the device is analyzed using the CreSS Desktop software. Three of the most limiting 
factors of the CreSS Micro System are the maximum number of puffs available in any given 
session, capped at 43, the maximum puff duration capped at 5 seconds and, the total puffing session 
time, capped at 60 seconds. Table 1.1 (below) shows each of the devices measuring capabilities 
and their acceptable ranges of data collection.  




EVIC Joyetech CReSS Micro System 
Sampling Rate (Hz) Does Not Record 50 = 1 sample per 0.02s 
Maximum Number of Puffs N/A 43 
Puff Duration (s) Range Does Not Record 0.20 – 5  
Minimum Interpuff Gap (s) Does Not Record 0.3 
Puff Flow Rate (mL/s) Range Does Not Record 25 – 2500 (Estimate) 
Number of Studies that used device 1 5 
 
The reported Puff Flow Rate Range for the CReSS Micro System was an estimate because the 
specification sheet only offered puff volume data. The flow rate estimation is related to the known 
puff duration and known puff volume.  
2 CHAPTER 2: RIT EQUIPMENT BACKGROUND  
2.1 PROGRAMMABLE EMISSIONS SYSTEM (PES)  
The PES, formerly referred to as the Electronic Cigarette Evaluation System (ECES), was built in 
the Respiratory Technologies Laboratory at RIT and is primarily used to capture electronic 
cigarette emissions data. This system was previously designed and developed by a 
multidisciplinary senior design team, P12055 [8]. This system uses a suction sequence that 
simulates a puff on an electronic cigarette which generates aerosol. The operation of this system 
was constructed in a manner that simulates human lung inhalation. The system can be described 
in two main subsystems: the hardware portion and software portion that utilizes LabVIEW. The 
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schematic, Figure 2.1, (below) provides a basic layout of the system. The blue represents airflow 
and the arrows indicate the direction of airflow.  
 
Figure 2.1: Schematic of Hardware and LabVIEW associated with PES system, Unit 1. 
An electronic cigarette is inserted into the wPUM which is attached from the mouthpiece to the 
Cambridge Filter Holder assembly with Tygon tubing. Aerosol emitted by the electronic cigarettes 
passes through the 44mm silica filter pads in the Cambridge Filter Holder absorbing any liquid 
particles. The instantaneous flow rate and flow profile is monitored by an Alicat Scientific flow 
meter (Model # M-50SLPM-D-30PSIA/5M). The Alicat device is capable of sampling every 0.01 
seconds unless adjusted to another sampling rate. The flow meter sends flow data to the Puffing 
Proportional Integral Derivative (PID) Controller algorithm which sends control signals to the 
Puffing Proportioning Valve. This valve regulates the flow under the direction of the PID 
algorithm. The Program Sequencer, which utilizes an Excel file that contains the specified aim 
points, determines the flow aim point at a given point in time. Based on the aim, the PID Controller 
sends a control signal to the Proportioning Valve to permit air flow at the specified rate. This 
continuously opens and closes in order to achieve the desired topography characteristics. The Puff 
Cut-Off Valve ensures that there is zero flow rate between puffs from the proportional valve into 
the Evacuated Chamber. The VAC pump draws air out of the chamber which is held at a constant 
60” H2O controlled by the Chamber Proportioning Valve. All machine control aspects are 
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controlled by a National Instruments LabVIEW program and a USB 6008 Multifunction IO.  The 
system inputs the desired flow rates and puff durations, at a resolution of 0.05 seconds per step or 
20 Hz.  A front and back view of the PES in its entirety is provided in Figure 2.2 (below).  
 
Figure 2.2: Front and back view of the PES, Unit 1. 
2.1.1 Alicat Flow Meter – The Primary Instrument 
The Alicat flow meter is the primary instrument used to measure flow in the PES.  The measured 
flow is also used to control a valve to deliver the desired puffing topography for calibration and 
characterization of the wPUM. The flow measured from the Alicat flow meter, identified in 
Appendix A (below), is outputted as an analog voltage signal, spanning from 0 to 5 volts which 
correlates to a minimum flow rate of 1.6 mL/s to a maximum flow rate of 333.33 mL/s. The device 
uncertainty associated with the Alicat has a ± 0.3% of the Full Scale plus a ± 0.8% of the Reading. 
This means that at each measured value an uncertainty of 1.00mL/s, which accounts for the Full 
Scale uncertainty, plus a 0.8% at a given value is the total associated uncertainty. At the minimum 
flow rate this would be 1.60 mL/s ± 1.01 mL/s. In order to output this data in a flow rate 
measurement, the signal is linearly scaled within the LabVIEW program. The equation (below) 
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was used developed by Michael Barbato, Andrew Blair and Justin Quackenbush 173after 
conducting various experimental runs to formulate this linear relationship.  




) ∗ 𝐹𝑙𝑜𝑤 𝑚𝑒𝑡𝑒𝑟 𝑎𝑛𝑎𝑙𝑜𝑔 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 (𝑉) 2-1 




 which proves to 
work fairly accurately in describing measured flow rate. The limitation of this equation becomes 
apparent near very low flow rates, around 10mL/s, where divergence starts to occur. In order to 
validate whether this empirical value should be used the inputted flow rate and corresponding 
voltage data provided from Alicat Scientific, Inc. in the Calibration Data Sheet, found in Appendix 
A (below), was plotted in Figure 2.3 (below). From the data provided the corresponding 




. For further studies the Calibration Coefficient used in the 
LabVIEW program will have to be modified to the reflect the measured value from the Calibration 
Data Sheet to ensure correct flow rate values are being produced.  
    
Figure 2.3: Alicat Calibration Plot.  This plot may be generated from the information contained in the Calibration 
Data Sheet provided from Alicat Scientific Inc., using the measured flow rate on the vertical axis and the measured 
voltage on the horizontal axis.  
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2.1.2 PES Hardware Set-Up 
Before any testing was conducted, verification was done to ensure that the PES was set up properly 
and working as desired. The Cambridge Filter must be changed before every trial in order to ensure 
that moisture collected in the filter pad from the previously tested puffing regimen does not impede 
the airflow travelling through it. Before disassembling the device the filter must be removed from 
the PES. This can be achieved by compressing the green disconnect against the nut until it slides 
off. Figure 2.4 (below) shows the green disconnect and the arrows show the direction to push 
against in order to remove the Cambridge Filter assembly from the PES.  
 
Figure 2.4: Close up view of green disconnect on Filter Cambridge System. 
To disassemble the Cambridge Filter loosen the three screws near the nozzle. Once the filter is 
open remove the gasket in order to remove and replace the white filter pad. The filter pad has a 
smooth and coarse side. The coarse side should be oriented up and towards the direction of the 
nozzle on the Cambridge Filter. Replace the gasket and reassemble the filter assembly. Tighten 
the screws to ensure a good seal. The filter can then be reattached to the PES by lightly pushing 
the filter assembly onto the PES System. The disassembled filter assembly is provided in Figure 




Figure 2.5: Cambridge Filter Holder system disassembled. 
The wPUM mouthpiece needs to be connected to the Cambridge Filter Holder using Tygon tubing 
attached to the nozzle of the filter assembly. After it has been connected an electronic cigarette can 
be inserted into the other end of the wPUM. The researcher needs to ensure that there is a tight 
seal between the electronic cigarette and the gaskets in the inside of the wPUM. A bad seal may 
result in inaccurate data. If the electronic cigarette is loose, parafilm can be wrapped around the 
electronic cigarette, near the mouthpiece, until a tight seal is ensured. It should be noted that some 
disposable and rechargeable electronic cigarette models have an air hole near the mouth piece that 
cannot be covered with the parafilm. In Figure 2.6 (below) an example of an air hole is identified.  
 
Figure 2.6: Example of an electronic cigarette that has an air hole on the side of the device [9]. 
Bottom part of the Filter 
Assembly Filter Pad is placed here Filter Pad 
Gasket 
Top part of the 
Filter Assembly  
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This could alter the electronic cigarette flow characteristics. The PES can then be turned on by 
switching the power switch to the ‘On’ position. The two electrical leads coming from the voltage 
source to the wPUM should be connected to the correct + and – points on the data lnce this is 
complete the voltage source can also be turned on by pressing the Power Button. Once power is 
on,  a constant 7 volts should be supplied to the wPUM to ensure that the Voltage Regulator 
supplies the regulated 5 volts to the circuitry. 
2.1.3 PES Software Set-Up 
Once the PES is correctly set up the next step is to ensure the LabVIEW portion is set up correctly. 
The test, trial and electronic cigarette being tested should be recorded before running the program. 
In the LabVIEW program, the input folder must have the correct testing protocol corresponding to 
the desired test and must output to the correct folder. A vacuum pressure of 60” should be input 
into the system to maintain the constant vacuum in the Evacuated Chamber. The corresponding 
locations are highlighted in Figure 2.7 (below). 
 
Figure 2.7: LabVIEW System Setup screen and selection options. 
Once all settings in the LabVIEW are selected the researcher can turn on the wPUM device by 
switching the switch to the ‘On’ position. The researcher should allow the device to warm up for 










is on and operating. Then click the start button, highlighted in Figure 2.8 (below), on the LabVIEW 
window to activate the PES.  
 
Figure 2.8: LabVIEW Run System screen to start the program. 
2.1.4 Running the PES to Characterize the wPUM 
Throughout the duration of the test, ensure that the LED on the electronic cigarette that simulates 
puffing is illuminating. If there is rapid flickering of the LED or no illumination then the electronic 
cigarette needs to be replaced and the total number of puffs taken needs to be recorded. Once the 
puffing protocol is complete and the PES stops operating the researcher must wait at least 15 
seconds before switching the wPUM to the “Off” position. After each trial is complete, both the 
anterior and posterior tubing in the wPUM device must be checked for condensation and reported. 
If condensation is observed then the anterior and posterior lines must be cleaned. This can be 
completed by running water through the lines until all the e-liquid is cleared. The lines need to be 
completely dry before being connected back to the wPUM. Blowing the excess water out of the 
lines can expedite this process.  
In the case of the no electronic cigarette condition, steps associated with good sealing between the 
electronic cigarette and wPUM can be skipped. Testing will always begin first with the no 
electronic cigarette condition and then move on to testing the three electronic cigarette brands. 





condition will be completed before moving to the next trial to allow the previously tested electronic 
cigarette to cool down. A total of three trials were tested for the no electronic cigarette condition 
and three brands of electronic cigarettes.  
2.2 INFORMATION ABOUT THE WPUM 
There is a need for new technology due to the small number of instruments available in the market 
and their limited capabilities to capture electronic cigarette topography. The research team at RIT, 
in collaboration with FSI Systems, Inc. designed, developed, manufactured and tested a non-
intrusive, ergonomic hand held device called the Wireless Personal Use Monitor (wPUM) that 
quantitatively measures how users smoke electronic cigarettes. Figure 2.9 (below) shows the 
wPUM with an electronic cigarette inserted into the device. The wPUM is comprised of various 
parts that can be classified into two categories: hardware and software. The following sections go 
into depth about the construction of the device. 
 
Figure 2.9: Wireless Personal Use Monitor. 
2.2.1 How the wPUM Hardware Works 
The hardware of the wPUM is comprised of various parts that can be categorized into two 
subassemblies: 1) the Orifice Plate Assembly and 2) the Data Logger Assembly. In Figure 2.10 
(below) the schematics for these assemblies are identified. A front and back view of the Data 




Figure 2.10: The Orifice Plate Assembly and the Data Logger Assembly of the wPUM. 
The Orifice Plate Assembly contains an orifice plate which is a device that can be used to measure 
flow rate. The plate, identified in Figure 2.11 (below), is designed to restrict the incoming flow 
that passes through various tiny holes drilled through the plate. This creates a pressure drop from 
the inlet region to the exit region.  
 
Figure 2.11: Schematic of an orifice plate flow. [7] 
The Total Energy Equation (below) is used as a starting point in order to modify and calculate the 
mass flow of the fluid.  
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𝑄𝑛𝑒𝑡
̇  = Rate of Heat Transfer (W) 
𝑊𝑠̇  = Rate of Shaft Work (power or W) 
























z = Height (m) 
 
This equation (below) can first be simplified by assuming steady state conditions which removes 
the derivative portion since there is no change over time in the control volume. The variables 
denoted with a number 2 indicate values associated with the ‘out’ portion of the Total Energy 
Equation mentioned (above) and the variables denoted with a number 1 indicate values associated 
with the ‘in’ portion of the equation.  








) + 𝑔(𝑧2 − 𝑧1)) 2-3 
The ?̇? variable is divided from the equation (above) further simplifying the equation (below). 
Here q is defined as total heat transfer (kJ) and 𝑤𝑠 is shaft work transfer (kJ).  








) + 𝑔(𝑧2 −  𝑧1)) 2-4 
If elevation differences between the inlet and exit regions are neglected the equation (above) can 
be written as: 











Enthalpy is a function of internal energy, u (
𝑘𝐽
𝑘𝑔
), and flow energy, 
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𝜌




 or Pascals. The equation (above) can be written in these terms and separated so all 
inlet terms are on one side of the equation and all exit terms are on the other side.  















A few assumptions are made in order to simplify the equation (above) to a modified version of the 
Bernoulli equation. The first assumption is that the system is adiabatic. This means that no heat is 
entering or leaving the system. The second assumption is that there is no shaft work since the 
system has no shaft and the last assumption, is that the system is isothermal which means there is 
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If the flow in the inlet and exit regions are assumed to have uniform velocity profiles and the same 
density then, the Continuity Equation (below) can be expressed as: 
?̇? =  𝑣1𝐴1 =  𝑣2𝐴2    2-9 




A = Area (𝑚2) 
 
The velocities in the modified Bernoulli Equation (above) can then be replaced with the cross-
sectional areas of the flow and be rearranged to solve for volumetric flow rate. 


















   2-10 
The equation produced only applies to laminar, inviscid flows. For actual flows that experience 
viscosity and turbulence effects a discharge coefficient, Cd, is introduced into the (above) equation.  
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  2-11 
In addition, due to the complex nature of the flow downstream of the orifice plate a flow 
coefficient, Cf, and area of the orifice, Ao, are substituted into the equation (below).  










Equation 2-12 (above) can then be substituted back into equation 2-11 (above) to produce the final 
flow rate equation (below).  
?̇? =  𝐶𝑓𝐴𝑜√
2𝛥𝑝
𝜌
   ?̇? =  𝐾1 √𝛥𝑝 2-13 
𝐾1 represents the characteristics associated going from pressure to flow. In this study the density 
is assumed to stay constant. However, it should be noted that for future studies this assumption 
should be verified since there could potentially be a viscosity variation in the aerosol as it travels 
down the orifice plate assembly. In the wPUM the vapor from the electronic cigarette is drawn 
through the orifice plate where a Honeywell differential pressure sensor (Part 
#HSCDRRN002NDAA5), with a range of ± 2” H2O, is used to measure the change in dynamic 
pressure associated with the flow. This piezoresistive pressure sensor produces an analog signal 
that is proportional to the sensed differential pressure, and ranges from 0 to 5 volts. The differential 
pressure sensor has a ± 0.5 volts voltage uncertainty so the working ranges spans from 0.50 to 4.50 
volts. The voltage signal is sent to the Tiny Lilly Micro Controller. The Tiny Lilly converts the 
analog signal to a digital signal ranging from 0 – 1023 digital counts. The corresponding working 
range would be approximately 102 – 921 digital counts. Figure 2.12 (below) shows how the signal 
is converted. Anything between the green lines identifies the working region when taking the 
uncertainties into account.    
 
Figure 2.12: Flow Relationships from Pressure Differential to Voltage. 
The digital signal is then saved on the micro SD card with a time and date stamp from the Real 
Time Clock (RTC) Module. The Tiny Lilly has an Atmel 328P micro controller chip with a 10 bit 
AD converter. This chip uses an internal oscillator for the time base, which the RIT team calls the 
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Arduino Time. All the data, including the time/date stamp and differential pressure, are saved to 
the micro SD card. The whole system runs at 5 volts which is powered by the two batteries in 
series outputting approximately 7.2 – 7.3 volts. The voltage variability in the system did not impact 
the output digital counts at any given flow rate because the reference voltages from the Tiny Lilly 
used at the pressure sensors drifted together, essentially balancing one another.  
Table 2.1 (below) identifies the wPUM measuring characteristics under ideal air conditions. This 
research will determine the wPUM measuring characteristics when aerosol is introduced to the 
system.  
Table 2.1: Ideal wPUM Measuring Characteristics.  
Measuring Characteristic wPUM 
Sampling Rate (Hz) 40 = 1 sample per 0.025s 
Maximum Number of Puffs  N/A 
Puff Duration (s) Range 0.05 – N/A 
Minimum Interpuff Gap (s) 0.05 
Puff Flow Rate (mL/s) Range To be determined 
Number of Studies that used device 1 
2.2.2 How the wPUM Software Works 
In order to analyze the data collected from the wPUM an in house Matlab code developed by Dr. 
Edward Hensel, Topography Analysis Program (TAP), was developed to determine the electronic 
cigarette topography. This was analyzed by plotting the Arduino Time (ms) on the x-axis and the 
Measured wPUM Voltage (Digital Counts) on the y-axis in Excel. Figure 2.13 (below) shows an 
example of a plot produced from a raw data file. In the plot the baseline, puff duration and interpuff 




Figure 2.13: Example of raw data file measured from wPUM. 
The nature of the puffing profile needed to be understood in order to ensure data integrity when 
utilizing TAP. The Minimum Interpuff Gap and Minimum Puff Duration were set at 0.2 seconds. 
This assumption was made due to the Nyquist limit, a theoretical limit to what rate can be sampled 
in a signal at a certain frequency. According to the Nyquist limit an absolute minimum is strictly 
greater than two samples per period. This would mean that the theoretical minimum limit for the 
wPUM is > 0.05 seconds. However, because the conditions of our test have noise and some 
instrument error the theoretical limit is not acceptable as a reasonable minimum limit and therefore, 
a practical and widely used value of four times the Nyquist rate was used giving use a minimum 
value of 0.2 seconds. This means that any puff duration less than 0.2 seconds was not considered 
a puff and any two puffs occurring less than 0.2 seconds apart from one another were combined 
into one puff. The Baseline was assigned a 512 digital counts value with a Voltage Count Cutoff 
of 15 counts. The Voltage Count Cutoff accounted for the noise associated at the baseline. 
Therefore, any measured value between 497 – 527 digital counts was considered noise in the TAP 
results presented in this thesis. A maximum puff duration of 20 seconds was implemented in order 
to account for the physiological characteristics of a human being. In addition puffs that did not 
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have a start time or an end time due to power up and power down issues were excluded so they 
would not impact the overall topography statistics for a given test.  
In order to correlate the measured digital counts to a puff flow rate a calibration coefficient value 
was associated with each testing condition. This value was determined by plotting the Desired 
Flow Rate (mL/s) against the Measured wPUM Voltage (Digital Counts). An example of this 
process is provided in Figure 2.14 (below). 
 
Figure 2.14: Nonlinear Calibration Coefficient Plot for the Blu E-Cig Condition. 
The nonlinear regression equation above is a second order polynomial. The correlation coefficient, 
R2, helps to statistically determine whether the nonlinear equation is a good fit for the data. A R2 
value equal to 1 insinuates that the equation fits perfectly with the data. In the case above the R2 
value is 0.875 which is an ok value for the data set, but can improve. This equation does not 
correlate to the linear regression model used in TAP and therefore was modified to do a one to one 
correlation. In order to do this the Measured wPUM Voltage had to be modified. A Z value was 
created where 𝑉𝐴/𝐷 is the voltage measurement reading in digital counts.  





Figure 2.15 (below) shows the linear regression of the same example identified in Figure 2.14 
(above).   
 
 
Figure 2.15: Linear Calibration Coefficient Plot for the Blu E-Cig Condition with a y-intercept value.  
The R2 value in this linear regression is almost identical to the value produced in the nonlinear 
regression model and therefore shares approximately the same fit to the data. The equation created 
in this example however, does not correlate directly to TAP because it has a y-intercept value. In 
order to do the one to one comparison the linear regression would have to have a y-intercept value 
of zero. The physical model, which is utilized in TAP, would have a linear regression equation 




) = 𝐶𝑎𝑙𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 ∗  √𝑉𝐴/𝐷 − 512 2-15 




. Figure 2.16 (below) is the one to 





Figure 2.16: Physical Model Linear Calibration Coefficient Plot for the Blu E-Cig Condition. 
It should be observed that the R2 value has worsed this model compared to the two previous 
regression models. However, this is expected because there are various complexities associated 
with the nature of the system and model that will impact the results produced.  
In order to utilize TAP, the first thing that must be created is an Analysis Protocol. This CSV file 
is used for Matlab to know which sessions will be analyzed and how. An example of an Analysis 
Protocol is provided in Table 2.1 (below).  
Table 2.2: Example of an Analysis Protocol for one file.  






wPUMCalibration LOG00240.TXT 2015CalibrationProtocol.csv Good  No No 
 
There are five options that can be selected for the Procedure Column: 
26 
 
1) wPUMCalibration – This is used for calibration procedures only.  
2) PuffTopography – This is used to conduct puff topography analysis on any given session.  
3) SkipData – This is used to skip a session.  
4) SkipwPUMCalibration – This is used to skip a wPUM Calibration session.  
5) PuffConsolidation – This is used to indicate that one session was broken into multiple files 
due to an unexpected system response. It should have been only one file and therefore the 
data will be added to the previous analyzed session.  
The Data File column changes with each puffing session recorded. This puffing session must have 
the file extension added to the file name if not TAP will be unable to read the file. For the 
calibration process, a procedure file must be selected. This is the desired puffing profile that is 
used in order to create a calibration coefficient. The 2015CalibrationProtocol.csv file is the Input 
File for the PES. The Classification tab indicates whether a file qualitatively appears to look 
‘Good’ or not. This helps identify files faster that may have some unexpected anomalies. The notes 
tab is to add any qualitative observations associated with a given session. There were instances 
that the last line of data collected from the wPUM did not save fully because it did not have enough 
time to save the file before being switched to the off position. In order to eliminate this error the 
entire line was deleted and is noted in the second to last column of the Analysis Protocol. The last 
column is used to indicate if a puffing session had drift.  
In order to populate the Analysis Protocol a Preliminary Analysis of the data needs to be 
conducted. This can be done by opening each of the raw data puffing sessions in Microsoft Excel 
and plotting the Voltage Data recorded in Digital Counts. An example of this was provided in 
Figure 2.13 (above).  
Before running TAP a few sections of the code must be altered in order to ensure the correct data 
is being analyzed. The path where the data is stored and where it needs to be outputted must be 
changed. An example of this is provided below. The file locations are denoted in purple and notes 
are denoted in green, aimed to help researchers understand what corrections must be made.  
Pathname='C:\Users\Karina\Documents\KarinaRoundtree\web\private\
WorkingFiles\Data Processing\'; %Location on disk  




outputfoldername = strcat(pathname,'Aim 2\'); %Location where data 
will be outputted 
subjectnamecelldata = { 'Aim 2 Blu\'; 'Aim 2 Njoy\'; 'Aim 2 No 
Ecig\'; 'Aim 2 Zoom\'; } ; %Location of each testing condition 
% Add a new folder to the array below if more testing conditions 
are evaluated 
% Remember the end back slash on the right side 
 
else                                % OCTAVE CODE 
 
% linux box at home, with octave 
  
pathname='..\'; % Location on disk 
 
inputfoldername  = strcat(pathname,'..\Aim 2\'); %Location of 
input data 
  
outputfoldername = strcat(pathname,'Aim 2\'); %Location where 
data will be outputted 
 
After the file locations have been corrected the next part of the code that needs to be modified is 
the section identifying how many subjects are being analyzed.  
% % * * * * * USER EDIT THE LINES BELOW * * * * *  
% Use the flags BELOW to include (1) or exclude (0) any 
individual subject from the analysis 
 
IncludeSubjectFlag    = [ 1 1 1 1 ]; %Example of 4 test subjects 
 
CrossRefSubjectNumber = [ 1 2 3 4 ]; %This array defines the 
"Study Subject Number", which may differ from the order of file 
processing used in this analysis code. 
 
SubjectSampleRates = [ 40.0 40.0 40.0 40.0 ]; %Subjects  use 
40Hz data 
 
The analysis program has the capability of analyzing all the tests in one run or can be modified to 
analyze one test at a time. In order to change the amount of desired data analysis the following 
code needs to be modified.  
% USER INSTRUCTIONS ABOUT PLOTTING 
% If DoPlots is disabled (DoPlots=0) then NLower should be set to 
1 and NUpper should be set to NumSubjects and a complete set of 
tabular results will be computed 
% If DoPlots is enabled, (DoPlots=1) then it is advised to do a 
small number of subjects at a time, by setting the lower and 




NLower = 4; % NumSubjects; This is an example of only analyzing 
test 4 
 
NUpper = 4; % NumSubjects; 
 
Now the code can be ran for the desired data set by pressing the Run key identified in Figure 2.17 
(below).  
 
Figure 2.17: Matlab workspace highlighted Run button. 
After running through the program, two types of plots are created. Figure 2.18 (below) is an 
example of the calibration plots created. It shows a total of five plots in one figure. The first plot 
is the Measured wPUM Voltage (Digital Counts) vs. Time (s). The second plot flags when the 
algorithm identifies a puff. The third plot shows the Input File for the PES when conducting a 
calibration. The plot below that shows the corresponding flagged puffs and the final plot shows 
the Desired Puff Flow (mL/s) from the Input File for the PES vs. Measured wPUM Voltage 







Figure 2.18: Example of the Calibration Plots produced from the Matlab algorithm. 
The next type of plots produced are the Topography plots identified in Figure 2.19 (below). In this 
option two plots are created. The first plot shows the Measured wPUM Voltage Data (Digital 
Counts) vs. Time (s) which is denoted in blue while, the orange denotes the interpreted puff from 
the TAP. The second plot shows the cumulative volume over the entire puffing session. The 
staircase behavior is expected because every vertical line identifies when a puff takes place and 
every horizontal line represents the interpuff gap. There should be a one to one correlation from 
this plot with the first plot above. If no puffs were taken in a puffing session the cumulative volume 





Figure 2.19: Example of Topography Plots produced from the Matlab algorithm. 
In addition to the graphs that are outputted from the TAP, five tables are produced. Table 0 is the 
complete table that identifies which Analysis Protocol File was used and where it was located, 
what analysis option was used, the calibration coefficient value, and all the files that were analyzed. 
Table 1 outputs to an Excel file and shows all the puffs for every session for every test subject. It 
records the Puff Duration, Mean Puff Flow Rate, Puff Volume, Puff Interval, Puff Start and End 
Time as well as the Session Time and Date stamp. Each table after Table 1 compresses the 
information. Table 2 shows all the sessions for every test subject, Table 3 shows all the data 
associated for every test subject and Table 4 shows the statistics as well as average values 
associated with all the test subjects.  
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3 CHAPTER 3: LITERATURE REVIEW 
In order to understand how the electronic cigarette industry has conducted its studies, a literature 
review was conducted. It was essential to identify the sources of the testing protocols that have 
been used. Without this information the reported data can be inaccurate and misleading.  
3.1 EMISSIONS STUDIES 
3.1.1 No Reported Reference Usage Data 
The studies that have been conducted in order to understand how the emissions from electronic 
cigarettes affect consumers are identified below. The first table, Table 3.1 (below) shows the 
emission studies that did not have a reported testing protocol and used arbitrary topography to 
drive puffing machines and capture emissions data.  
Table 3.1: Emission studies with no reported electronic cigarette topography protocols. 

































Westenberger (2009) [11] * NR NR NR 100 NR 
Eissenberg (2010) [12] 10 NR NR NR 30 
Trtchounian et al. (2010) [13] * 10 2.2 NR NR 60 
Vansickel et al. (2010) [14] 10 NR NR NR 30 



















































































Zhang et al. (2012) [20] * NR NR NR 25 NR 











Dawkins and Corcoran (2013) 
[22] 
10 NR NR NR NR 
Farsalinos et al. (2014) [23] * 50 NR 13.75 55 NR 
Long (2014) [24] * 30 NR 3.33 NR NR 



























Nides et al. (2014) [27] 10 NR NR NR 30 
Spindle et al. (2014) [28]  10 NR NR NR 30 





























































Theophilus et al. (2014) [30] * NR 3 NR 55 30 
Yan and D’Ruiz (2014) [31] 50 5 NR NR 30 
Cho and Shin (2015) [32] * NR 5 NR 50 NR 
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El-Hellani et al. (2015) [33] * 15 NR 16.67 NR 10 
Farsalinos et al. (2015) [34] * 100 4 NR 55 30 
Goel et al. (2015) [35] 40 5 8.33 NR NR 
Jensen et al. (2015) [36] 10 3 – 4  NR 50 NR 
Neilson et al. (2015) [37] * 60 3 NR 80 30 











Notes:  NR – Not Reported 
 * - Studies that used topography to drive puffing machines.    
 
Laugesen [10] conducted a safety investigation about a specific electronic cigarette called the 
Ruyan manufactured in Hong Kong and Beijing, China. The report was aimed to serve as an 
assessment of the safety of the Ruyan as well as identify the possible risks and benefits associated 
with the product. The basic structure of the Ruyan is comprised of three parts: a rechargeable 
battery, a vaporizing chamber, and an integrated mouth piece and nicotine cartridge. This 
electronic cigarette is classified as rechargeable. This experiment conducted various studies using 
different topography values to capture data. In order to quantify the maximum number of puffs 
35mL puffs were drawn through the mouth piece until no longer attainable. This resulted in an 
approximated 350 puffs per cartridge. There was no information available why this volume was 
used and which instrument was used to draw on the electronic cigarettes. To quantify the amount 
of nicotine consumed per puff 80 puffs, 40 shallow and 40 deep, were puffed from smokers using 
the CreSSmicro device. There was no explanation who the subjects were, how they were recruited, 
and what constituted a shallow puff or a deep puff. In the second experiment with the combination 
of shallow and deep puffs an approximated 667 puffs are available per cartridge. This contradiction 
led to three more experiments with subjects smoking to capture realistic volume topography data. 
That data is identified in Table 3.1 (above). 
Westenberger [11], conducted an evaluation of electronic cigarettes. The Center for Drug 
Evaluation and Research through the Office of Compliance requested that two brands of electronic 
cigarettes, Njoy and Smoking Everywhere, were evaluated using various cartridges for nicotine 
content and other impurities. The electronic cigarettes were most likely rechargeable since various 
cartridges were tested however, there was no specification identified and therefore disposable 
electronic cigarettes could have also been tested. A sparging apparatus and a headspace GC 
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analysis were used to simulate 100mL puffs. The study did not supply any other puffing 
topography characteristics and did not offer any explanation why 100mL was chosen as the desired 
volume. Table 3.1 (above) shows the data for this study.  
Eissenberg [12] conducted a study testing two rechargeable electronic cigarettes: NPRO developed 
by NJOY and Hydro developed by Crown Seven. Each of the electronic cigarettes had 16mg 
nicotine cartridges. This study was specifically interested in investigating the influence of plasma 
nicotine levels, heart rate and cigarette craving from each brand of electronic cigarette. 16 naïve 
electronic nicotine delivery devices were recruited in this study. There were 5 women and 8 non-
white users identified. The subjects were instructed to puff ad lib 10 times with 30 second interpuff 
intervals. The study provides no information about why the topography characteristics were chosen 
and how a 30 second interpuff was ensured. Table 3.1 (above) shows the data for this study.   
Trtchounian et al. [13] compared the smoking properties of conventional and electronic cigarettes. 
Starter kits with a battery, charger, power cord, atomizer and cartridges were purchased for the 
following electronic cigarette brands: Liberty Stix, Crown Seven Hydro, NJOY and Smoking 
Everywhere. The electronic cigarettes were puffed using the puff box built at the University of 
Kentucky. This puffer box was connected to a MasterFlex peristaltic pump using MasterFlex 
Tygon tubing. It was calibrated to take 2.2 second puffs every minute for 10 puffs. The pump 
speed would increase if the aerosol density dropped below 0.05 absorbance units. The study 
supplies no information why the topography characteristics used were chosen. Table 3.1 (above) 
shows the data for this study.  
Vansickel et al. [14] described clinical laboratory methods that could be used to characterize an 
electronic cigarette user’s nicotine and carbon monoxide exposure. There were 32 subjects, 13 
women and 8 men, who completed the study. The participants were between the ages of 18 and 55 
years old and had smoked at least 15 conventional cigarettes on a daily basis. Subjects were non-
experienced electronic cigarette users. Upon arrival to the laboratory subjects were asked to abstain 
from smoking a conventional cigarette for at least 12 hours. At the beginning of the study a catheter 
was inserted into the forearm of each subject and connected to a physiologic recording device. 
After 30 minutes 7mL of blood was sampled and the subjects were asked to take 10 puffs with a 
30 second interpuff, monitored by the research staff. The exhaled aerosol was measured during the 
ad lib puffing sessions at the 15, 30 and 45 minute markers. At 60 minutes another 7mL blood 
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sample was collected and the subjects were asked to take another 10 puffs every 30 seconds. The 
electronic cigarette packaging instructed its users that electronic cigarettes should be used similarly 
to conventional cigarettes. Ten puffs with a 30 second interpuff approximates conventional 
cigarette smoking and therefore, were used in this study. Table 3.1 (above) shows the topography 
data. The two brands of electronic cigarettes tested were the NPRO manufactured by NJOY using 
an 18mg nicotine concentrated cartridge and the Hydro manufactured by Crown Seven using a 
16mg nicotine concentrated cartridge.  
Trehy et al. [15] investigated the nicotine and nicotine related impurities in electronic cigarettes. 
This study conducted numerous tests which used various puffing topography characteristics. The 
test interested in chromatographic conditions used a 0.02mL/s flow rate. The puff analysis tests 
used a gas washing bottle connected to a Dräger manual air pump. 100mL puffs were puffed at 
one minute intervals for a total of 30 puffs. The study observed that the LED at the end of the 
electronic cigarette stayed lit for approximately 2 seconds after the puff was initiated and the air 
flow into the washing bottle stopped 4 seconds after puff initiation. NJOY and Smoking 
Everywhere electronic cigarette devices, refill solutions, and cartridges were tested. The 100mL 
volume was used because of the capacity of the device to conduct the puff analysis however, there 
was no information about why the designated puff durations were used. The topography data for 
this study is provided in Table 3.1 (above).  
Williams and Talbot [16] studied the impact of electronic cigarette performance by varying 
electronic cigarette brands, investigating same brand variation and testing different protocols. The 
brands of electronic cigarettes tested were: Liberty Stix with tobacco flavored cartridges, Crown 
Seven Hydro Imperial with USA blend flavor, Smoking Everywhere Platinum with tobacco flavor, 
and VapCigs with menthol flavor. This study also used the puffer box from the University of 
Kentucky that Trtchounian et al. [13] used. The same calibration topography characteristics, 2.2 
second puffs and one puff every minute, were used in this study. The first study compared all the 
brands during the first 10 puffs. This test recorded the aerosol density for every puff. The second 
test conducted 11 puffs to determine if the electronic cigarettes produce aerosol at lower airflow 
rates after warming up. There was no explanation to why the number of the puffs used in the two 
tests were used. Table 3.1 (above) shows the data for this study. 
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Ingebrethsen et al. [17] conducted a study to measure electronic cigarette aerosol particle size 
distribution. The apparatus that was used to draw puffs was a computer controlled puffing 
machine. It utilized a Syringe Puffer and Stepper Motor to draw on the electronic cigarettes. Two 
brands of electronic cigarettes, one disposable and one rechargeable, were tested in this study. The 
brands are unknown and were only mentioned as Brand A and Brand B. There were three puffing 
topography profiles with varying puff duration that were tested. Those profiles are identified in 
Table 3.1 (above). No mention why these specific characteristics were chosen and tested.  
The McAuley et al. [18] study was specifically interested to assess the potential risks associated 
with electronic cigarette use. The electronic cigarettes that were evaluated were refillable. Four 
different tobacco flavored e-liquids with high nicotine contents, 24mg/mL and 26mg/mL, were 
tested and labeled A, B, C, and D. The specific brands of the e-liquid were not mentioned in the 
study. A Single Cigarette Smoking Machine which meets FTC and ISO requirements was used to 
puff the electronic cigarettes. The puffing topography used in this study is identified in Table 3.1 
(above). The reason why the 4 second puff was used instead of the FTC 2 second puff duration 
was based on the observation of electronic cigarette users. The average observed puff duration was 
found to be 4 seconds. In order to analyze six specific pollutants found in electronic cigarette 
aerosol five varying flow rates were tested.  
Schripp et al. [19] were interested identifying the released compounds of passive vaping. The 
studies were conducted in a stainless steel emission test chamber. A volunteer smoker was 
instructed to take a seat in the test chamber and take six deep puffs every 60 seconds. The electronic 
cigarette brand was not mentioned however, it’s either a refillable or rebuildable device filled with 
an apple flavored nicotine free e-liquid. A test interested in 2,4-dinitrophenylhydrazine (DNPH) 
varied flow rates identified in Table 3.1 (above). This research study utilizes various puffing 
topography characteristics including Standard Puffing Protocols and measured topography 
protocols. Further information about those are identified in Chapters 3.1.2 (below) and 3.1.4 
(below). 
Zhang et al. [20] identified physical characteristics of electronic cigarette aerosol and applied these 
to a lung deposition model to predict the distribution of that aerosol in the respiratory tract. A 
rechargeable Bloog MaxX Fusion electronic cigarette was used in this experiment. A mechanical 
smoking machine with a collection apparatus was used to conduct the testing. It was programmed 
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to draw 25mL and 30 second cycles of inspiration and expiration. Since there is no explicit puff 
duration there is no reported data in Table 3.1 (above). The 25mL volume was used because of the 
plastic syringes in the smoking apparatus.  
Czogala et al. [21] evaluated the nicotine and tobacco related toxicants from secondhand exposure 
from electronic cigarettes. An automatic single-channel piston-operated smoking machine called 
the Palaczbot developed at the Technical University of Lodz in Poland was used to create the 
electronic cigarette vapor. The three most popular electronic cigarettes in Poland were studied: 
Colinss Age with Camel High cartomizer, Dekang 510 Pen with SGC Regular cartridge, and Mild 
M201 Pen with Marlboro cartridge. The puffing topography used in this study is identified in Table 
3.1 (above). It resembles the topography characteristics measured in Goniewicz et al. [39] 
however, on references Goniewicz “to generate vapor from e-cigarettes” but does not explicitly 
say that the given values were from that specific study. The study wanted to investigate low and 
high exposures so the researchers tested 7 and 15 puffs with the same topography characteristics. 
Study 2 of this research used five all male subjects who were dual users of electronic cigarettes 
and conventional cigarettes to study human generated vapors. Two of the subjects used the M201 
Pen style electronic cigarette, two used the eGo model, and one used the M401 model. This study 
did not capture any quantitative topography characteristics and just instructed the subjects to 
smoke ad lib in a designated room to capture the aerosol from the users.  
Dawkins and Corcoran [22] aimed to understand the effect of using a 18mg/mL nicotine 
concentrated electronic cigarette has on blood nicotine levels, withdrawal symptoms, and urge to 
smoke. This study recruited experience electronic cigarette users who had had more than 1 month 
experience smoking the devices. They used various forms of recruitment, newsletters, Facebook 
and emails, to distribute information about the study. There was a total of 14 participants, 3 women 
and 11 men. There was a wide demographic of subjects who participated in this research study. 
The rechargeable electronic cigarette used was the SKYCIG with 18mg Crown Tobacco Bold 
cartridges. After completing a baseline questionnaire the subjects were instructed to take 10 puffs 
in a 5 minute period, identified in Table 3.1 (above). The researchers then collected blood samples 
from the subjects to measure the nicotine exposure during that duration. This study also measured 
the number of puffs the subjects took during an ad lib smoking session. That information is 
available in Chapter 3.2.1 (below). 
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Farsalinos et al. [23] investigated chemicals associated with respiratory disease from sweet 
flavored electronic cigarette liquids. A total of 159 samples with sweet flavors like butter, toffee, 
chocolate and coffee were examined. The rechargeable eGo electronic cigarette battery and 
refillable EVOD bottom-coiled clearomizer was used. A Cerulean SM 450 smoking machine was 
used to gather 50 puffs at a flowrate value of 13.75mL/s and 55mL volume, found in Table 3.1 
(above). These puffing topography characteristics had no information why they were used but 
other values were used in and are identified in Chapter 3.2.2 (below). 
Long [24] was also interested in the analyses of compounds found in the exhaled aerosol of 
electronic cigarettes. In this study the blu Classic Tobacco disposable and blu Magnificent Menthol 
disposable electronic cigarettes were tested. This study utilized both human subjects and an 
apparatus to produce electronic cigarette aerosol. The human subjects were recruited through the 
Eastcoast Research organization. Subjects were required to smoke more than 30 puffs a day. In 
the carbonyl room air collections study subjects were asked to smoke 30 puffs in order to gather 
user aerosol. In the exhalation test a vacuum assisted collection system aspirated at a flowrate of 
3.33mL/s to gather the compounds on a pad. Both tests did not supply information why the puffing 
topography characteristics were chosen. Table 3.1 (above) shows the data for this study.   
Manigrasso et al. [25] aimed to provide dosimetry data used to estimate the long term effects of 
electronic cigarette aerosol exposure to its users. A refillable electronic cigarette model was used 
in this study with 8 different e-liquids. The nicotine levels: 0mg/mL and 14 – 18mg/mL and 
flavors: tobacco, strawberry, and menthol were used. The puffing topography characteristics used 
in this study are identified in Table 3.1 (above). They were performed by connecting an aerosol 
sampling line to the electronic cigarette. This study investigated both Fast Mobility Particle Sizer 
(FMPS) spectrometer and Condensation Particle Counter (CPC) tests with set flow rates of 
0.025mL/s and 0.167mL/s. These flow rates do not exemplify other user flow rate values but are 
consistent with other studies who investigated FMPS and CPC. 
Marini et al. [26] investigated short term effects of electronic cigarette use. In addition it gathered 
information about exhaled nitric oxide. A refillable electronic cigarette model with tobacco 
flavored e-liquid was used in this study. Two nicotine concentration levels were tested: 0mg/mL 
and 18mg/mL. This study like the previous Manigrasso et al. research were interested in both 
FMPS and CPC. The aerosol was generated using the same apparatus set up. The flow rates that 
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this experiment tested are identified in Table 3.1 (above). A deposited particle dose evaluation was 
also conducted and uses a different puffing topography for that study. Those characteristics are 
outlined in Chapter 3.1.3 (below). 
Nides et al. [27] evaluated the NJOY King Bold electronic nicotine delivery system (ENDS) and 
its potential short term smoking reduction or cessation. This study recruited its subjects through 
advertisements in the community as well as the studies database site. In order to be eligible for this 
study subjects were unable to have used an ENDS product within the last 14 days. The NJOY King 
Bold is a disposable electronic cigarette. This study consisted of three clinical visits. Visit 3 the 29 
subjects were asked to puff two series of 10 puffs every 30 seconds. This topography profile is 
identified in Table 3.1 (above). The researchers collected blood samples to determine how much 
nicotine was consumed throughout that duration. Visit 2 was interested capturing realistic number 
of puff consumption from the subjects and is identified in Chapter 3.2.1 (below). 
Spindle et al. [28] had two main objectives to their study: 1) to compare nicotine delivery, heart 
rate, and other subjective effects of experienced electronic cigarette users and 2) to measure 
electronic cigarette topography. This study has 13 experienced electronic cigarette subjects, 11 
male and 10 who identified as White. It recruited the subjects through various advertisements and 
word of mouth. These subjects were required to have at least 3 months exposure using electronic 
cigarette devices. The majority, 12, of the subjects used a refillable electronic cigarette for the 
study. The other 3 did not specify which type of device they used expect that no users used a 
disposable model. The electronic cigarettes brands, flavors and nicotine concentrations are 
provided in Table 3.2 (below).  
Table 3.2: Characteristics of the electronic cigarettes used in the Spindle et al. study. 
Brand Flavor Nicotine Concentration (mg/mL) 
e-Go No Flavor, Gold Rush 24 
MVP Gargamel’s Curse 24 
Halo G6 Torque 56 24 
e-Go T Watermelon 18 
i-Taste Peach, Vanilla Dr. Pepper 24 
Smoke Tech DK Blend 24 
V2 Cigs Menthol 24 
Tsunami Persian Winter 24 
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e-Go Gold Rush 18 
e-Go Twist Aztec 12 
iTaste Carolina Crush 18 
 
After the subjects completed their questionnaires they were asked to take 10 puffs with an interpuff 
of 30 seconds which was ensured because an observer instructed the subjects when to take the 
puffs. This puffing topography is identified in Table 3.1 (above). The second objective of this 
study is outlined in Chapter 3.2.3 (below). 
Talih et al. [29] focused their research investigating how electronic cigarette topography and 
device power impact nicotine yield. A refillable V4L CoolCart cartomizer was used in this study. 
The nicotine concentrations varied from 18mg/mL to 36mg/mL. A custom designed puff 
production machine from the American University of Beirut in Lebanon was used. The electronic 
cigarette flow rate values, identified in Table 3.1 (above), were referenced from previous cigarette 
studies: Djordjevic [40] and Kleykamp et al. [41]. The puff durations used are from other studies 
identified in Chapter 3.2.3 (below). 
Theophilus et al. [30] used a machine puffing regimen identified in Table 3.1 (above). The purpose 
of this research was to present the electronic cigarette aerosol chemistry and cytotoxicity data. The 
VUSE electronic cigarette was used and the aerosol was generated using the VitroCell VC10 
aerosol exposure system. No information is supplied why this specific topography profile was 
used.  
Yan and D’Ruiz [31] designed their study to investigate nicotine exposure from blu electronic 
cigarettes as well as evaluate how higher nicotine concentrations impact hemodynamic effects ( 
blood pressure and heart rate). There were 23 subjects, 11 male and 12 female, who completed the 
study. There was no information about how these subjects were recruited and no specification of 
how long the subjects needed to have experience with electronic cigarettes. There were six 
products that used a combination of different blu models and nicotine concentration levels. Both 
disposable and rechargeable models were used with either 16mg/mL or 24mg/mL of nicotine. This 
study had two tests: a controlled study and an ad lib smoking study. The controlled study used the 
puffing topography provided in Table 3.1 (above). In order to ensure that the subjects puffed the 
50 puffs a clinical staff monitored the number. No information was provided how the other puffing 
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topography characteristics were ensured. The ad lib smoking session is discussed in Chapter 3.2.1 
(below). 
Cho and Shin [32] developed a gas-tight syringe (GTS) to determine the Tobacco-specific 
nitrosamines (TSNAs) in aerosols generated from electronic cigarettes. There were 50 different 
brands of electronic cigarettes tested. The two refillable electronic cigarette models used in this 
study were the Wetop Power and the Ruyan. In order for the GTS extraction system to collect the 
aerosol generated from the electronic cigarettes the devices mouth piece were connected with 
Tygon tubing using the puffing topography characteristics provided in Table 3.1 (above). There 
was no information supplied why these specific characteristic values were used.  
El-Hellani et al. [33] investigated validation for an analytical model against a laboratory standard 
solution and compared labeled nicotine content to actual nicotine content in electronic cigarettes. 
This study tested both rechargeable and refillable electronic cigarette models. The nicotine 
cartridges that were tested were: Vapor for Life (V4L) V2, Green Smoke, Apollo, Bull Smoke, 
Halo, G6, Bluewater, and Blu. The e-liquids tested was the My Freedom Smoke Do It Yourself 
(DIY) with a 100mg/mL nicotine concentration. A custom designed digital puff machine was used 
to generate the electronic cigarette aerosols. This study used a combination of puffing topography 
characteristics for their tests. Some of the characteristics were referenced from other studies, 
identified in Chapter 3.1.3 (below), while others were chosen arbitrarily, those can be found in 
Table 3.1 (above).  
Farsalinos et al. [34] also investigated TSNAs in electronic cigarette aerosol like the previous 
research Cho and Shin conducted. Three tobacco flavored e-liquids containing 18mg/mL of 
nicotine were tested. The electronic cigarette tested was a refillable eGo style device called the 
Epsilon 1100. A smoking machine was used to generate the aerosol with the puffing topography 
characteristics identified in Table 3.1 (above). A total of 300 puffs were analyzed by conducting 
the study three times. There was no information provided discussing what smoking machine was 
used or why the specific characteristic values.   
Goel et al. [35] tested electronic cigarette aerosol for free radicals by electron paramagnetic 
resonance spectroscopy (EPR). The electronic cigarette used to general aerosol was the eGo-ce4 
and Tesla battery in conjunction with the SmokTech XXL. This was a refillable electronic cigarette 
model that was filled with an unknown e-liquid. The electronic cigarette aerosols were passed 
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through two impingers that had a spin trap to capture the desired radicals to analyze. This research 
used a combination of referenced puffing topography data, which can be found in Chapter 3.1.3 
(below), and no reference characteristic values in Table 3.1 (above).  
Jensen et al. [36] investigated formaldehydes in electronic cigarette aerosols. A refillable 
electronic cigarette model with unknown e-liquids was tested. The puffing topography 
characteristics used in this study are identified in Table 3.1 (above). It was determined that with 
each puff 5 to 11mg of e-liquid is consumed. There is no information on what instrument was used 
to generate the electronic cigarette aerosol and why the chosen characteristics were used.  
Neilson et al. [37] research team further delved into understanding electronic cigarette aerosol in 
vitro using the VC 10 exposure system. The two electronic cigarettes tested in this study were the 
NJOY King Traditional Bold and NJOY King Menthol Gold, both disposable models. A 
VITROCELL VC 01 Smoking Robot and 12/6 CF stainless steel exposure module were used to 
capture the electronic cigarette aerosol generated. The puffing topography characteristics chosen 
for this study, identified in Table 3.1 (above), were recognized as an intense puffing regimen. It 
delivered a larger puff volume, more frequently and longer than the ISO or HCI standards. 
However, because there are no standard puffing regimens for the assessment of electronic 
cigarettes the research group chose to use these values.  
Rubenstein et al. [38] studied the effects electronic cigarettes have on Kupffer cell innate immune 
responses which is associated with cardiovascular disease progression. Two electronic cigarettes 
were chosen for this study: the disposable NJoy Onejoy Traditional Flavor and the refillable eGo 
OKC Vapes Desert Sands Flavor. The two puffing topography profiles that were used in this study, 
identified in Table 3.1 (above), were alternated for 5 minutes to mimic realistic puffing for a 
traditional cigarette. A step-down manifold connected to capillary tubes submerged into a HEPES 
extraction buffer. This study mimicked conventional cigarette use and therefore paralleled similar 
disposable devices, smoking topography and smoking duration.  
3.1.2 Puffing Machine Studies Driven by Standard Testing Protocols 
Table 3.3 (below) shows the emission studies that used standard testing protocol topography values 
to gather information and report emissions data. The two most referenced topographies were the 
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International Organization of Standardization (ISO) and the Health Canada Intense Regimen 
(HCI).  



















Schripp et al. (2012) 
[19] 
6 NR NR NR 60 ISO 3308 
Uchiyama et al. (2013) 
[42] * 
10 2 NR 55 30 HCI 
Bekki et al. (2014) 
[43] * 
10 2 NR 55 30 HCI 
Geiss et al. (2014) 
[44] * 
13 NR NR 35 NR ISO 3308 
Misra et al. (2014) 
[45] * 
NR 2 NR 55 30 HCI 
Papoušek et al. (2014) 
[46] * 
NR 2 NR 35 60 ISO 
D’Ruiz et al. (2015) 
[47] 
50 5 NR NR 30 HCI 
Farsalinos et al. (2015) 
[48] 
10 2 NR NR 30 HCI 
Notes:  NR – Not Reported 
* - Studies that used topography to drive puffing machines.  
 
The Schripp et al. [19] study was mentioned in the previous no reference topography profile 
Chapter 3.1.1 (above). This study used a combination of puffing topography characteristics that 
can be found in Table 3.3 (above). The 60 second interpuff value was chosen based off the ISO 
3308 profile. The ISO 3308 10 puff profile would have been used but the research group modified 
that value since they observed that a conventional cigarette was depleted in 6 puffs. The puffing 
topography characteristics that were measured are in Chapter 3.1.3 (below). 
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Uchiyama et al. [42] investigated the concentration of carbonyl compounds in 363 different 
electronic cigarette aerosols. The study did not mention the brands, types of electronic cigarette 
devices, e-liquid flavors or nicotine concentrations found in the electronic cigarettes. In order to 
generate the aerosol a LM1/PLUS smoking machine manufactured by Borgwaldt Technik GmbH 
was used. The study utilized the HCI puffing topography protocols found in Table 3.3 (above) to 
investigate the carbonyl compounds in the electronic cigarette aerosol. 
Bekki et al. [43] was also interested investigating carbonyl compounds found in Japanese 
electronic cigarettes. Thirteen different brands were measured but there was no specification which 
ones were used, what flavors or nicotine concentrations were found in them. A smoking machine 
was utilized to generate the aerosol tested however, no information about the apparatus was 
supplied. The researchers tested the devices using the HCI puffing regimen protocol found in Table 
3.3 (above).    
Geiss et al. [44] proposed an approach to characterizing electronic cigarette emissions under 
controlled conditions. Two refillable electronic cigarette models were tested however, the brand 
was not specified. The e-liquids used in this experiment were tobacco flavored and had three 
strengths levels: 0mg/mL, 9mg/mL and 18mg/mL. No information about the brands of e-liquids 
was given. A single channel Borgwaldt RM-1 Plus smoking machine manufactured by Borgwaldt 
KC GmbH was used. The puffing topography profile that was used was the ISO 3308, found in 
Table 3.3 (above). The number of puffs were set higher, to 13, which corresponded to the average 
puff numbers found in the research conducted by Farsalinos et al. [49]. 
Misra et al. [45] examined the cytotoxicity, mutagenicity, genotoxicity and inflammatory effects 
on cells that are exposed to electronic cigarettes. Blu electronic cigarettes containing and not 
containing nicotine were used. Two of the leading flavors in the market were chosen to test: Classic 
Tobacco and Magnificent Menthol. Both disposable and rechargeable models were utilized. The 
same smoking machine described in the Neilson et al. [37] study was used to generate the 
electronic cigarette aerosol. The HCI standard puffing regimen, found in Table 3.3 (above), was 
used throughout the test.  
Papoušek et al. [46] investigated determining the acrylamide and acrolein found in electronic 
cigarette aerosol. An in house smoking machine consisting of a vacuum source and air flow 
controller was used to puff the electronic cigarettes. The ISO standard puffing profile, identified 
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in Table 3.3 (above), was used in this study. No information about the model, brand, or nicotine 
content of the electronic cigarettes tested was provided in the study.  
D’Ruiz et al. [47] examined the blood plasma levels and smoking urges that electronic cigarettes 
have on their users. The study recruited 24 subjects through standard advertising methods in the 
Lincolin, NE area and a database that subjects who previously participated in a clinical research 
study. The subjects were required to have experience smoking conventional cigarettes for at least 
12 months but did not need to have experience with electronic cigarettes. Refillable and disposable 
electronic cigarettes were used throughout the study. The brands of the devices and the nicotine 
concentrations for the e-liquids were not specified. The disposable electronic cigarettes had 
16mg/mL and 24mg/mL nicotine concentrations. This study took place over multiple days. On the 
11th day subjects were housed at the test site. There were two tests: a controlled study and an ad 
lib puffing session. During the controlled study the subjects were asked to take 50 puffs using the 
HCI standard puffing profile in Table 3.3 (above). The 50 puffs were selected as an optimal dosage 
delivered, approximately 0.8mg. No information was supplied about how the puffing topography 
characteristics were achieved throughout the study. The details about the second study are in 
Chapter 3.2.1 (below).   
Farsalinos et al. [48] investigated how altering power levels of an electronic cigarette affect 
aldehyde in the aerosol emissions. Two customizable electronic cigarettes, the Kayfun Lite plus 
and SMtec GmbH were used in this experiment. These electronic cigarettes were refillable models 
filled with e-liquids consisting of 20mg/mL nicotine concentrations. This study had two tests 
consisting of different puffing topography characteristics. The second test was interested in the 
chemical analysis of the generated aerosol from the electronic cigarettes. A smoking machine with 
no information about the apparatus set up was used. The 2 second puff duration and 30 second 
interpuff value was chosen based off the HCI profile identified in Table 3.3 (above). Information 
about the first test is in Chapter 3.1.3 (below).  
3.1.3 Puffing Machine Studies Driven by Referenced Topography Data  
Table 3.4 (below) shows the emission studies that referenced other research group’s topography 
values to gather information and report emissions data.  
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study for topography used to 




10 NR NR NR 30 Eissenberg (2010) [12] 
Goniewicz et al. 
(2013) [51] * 
15 1.8 NR 70 10 Goniewicz et al. (2012) [39] 
Goniewicz et al. 
(2013) [52] * 
15 1.8 NR 70 10 Goniewicz et al. (2012) [39] 
Farsalinos et al. 
(2014) [23] * 
50 4 NR NR 30 Farsalinos et al. (2013) [49] 
Kosmider et al. 
(2014) [53] * 
15 1.8 NR 70 17 Goniewicz et al. (2012) [39] 
Marini et al. 
(2014) [26] 
NR NR NR 42.5 NR 
US Department of Health and 
Human Services (1988) [54] 






























































(1) Hua et al. (2011) [55] 
(2) Farsalinos et al. (2013) 
[49] 
Williams et al. 
(2014) [56] * 
NR 4.3 NR NR NR Hua et al. (2011) [55] 
El-Hellani et al. 
(2015) [33] * 
15 41,2 NR NR NR 
(1) Hua et al. (2011) [55] 




Farsalinos et al. 
(2015) [48] 
4 4 NR NR 30 Jensen et al. (2015) [36] 
Goel et al. (2015) 
[35] 













Goniewicz et al. (2012) [51] 












(1) Vansickel and Eissenberg 
(2011) [50] 
(2) Perkins and Karelitz [59] 
(3) Perkins et al. (2012) [60] 
Williams et al. 
(2015) [61] * 
60 4.3 NR NR NR Hua et al. (2011) [55] 
Notes:  NR – Not Reported 
* - Studies that used topography to drive puffing machines.  
 
Vansickel and Eissenberg [50] characterized the nicotine delivery profile, subjective, and 
cardiovascular effects electronic cigarettes have on their users. Eight electronic cigarettes users, 3 
women and 8 Caucasian, participated in the study. The subjects used their own refillable electronic 
cigarettes and chose a prefilled flavor and nicotine concentration cartridge. No brands of electronic 
cigarettes or e-liquids were specified in the study. The subjects were only included in the study if 
they had at least 3 months experience using an electronic cigarette and consumed either 2 – 3mL 
of e-liquid or 2 cartridges on a daily basis. Upon arrival to the laboratory the subjects were 
instructed to take 10 puffs with an interpuff of 30 seconds found in Table 3.4 (above). Blood 
samples were then collected after the session. This study also had an ad lib smoking session were 
subjects reported the number of puffs consumed. More information about that test is in Chapter 
3.2.1 (below).  
Goniewicz et al. [51] investigated four toxic and carcinogenic compounds: carbonyls, volatile 
organic compounds, nitrosamines, and heavy metals found in electronic cigarette aerosol. The 
electronic cigarettes tested in this study are identified in Table 3.5 (below).  
Table 3.5: Electronic cigarettes used in Goniewicz et al. study. 
Brand Model Type 
Joye 510 Rechargeable 
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Janty eGo Rechargeable 
Janty Dure Rechargeable 
DSE 901 Rechargeable 
Trendy 808 Rechargeable 
Nicore M401 Rechargeable 
Mild 201 Rechargeable 
Colinss Age Refillable 
Premium  PR111 Refillable 
Ecis 510 Rechargeable 
Dekang Pen Rechargeable 
Intellicig Evolution Rechargeable 
 
The flavors used were: Marlboro, Regular, Trendy and Camel. The smoking machine Palaczbot 
developed from the Technical University of Lodz in Poland was used to generate electronic 
cigarette aerosol. The puffing topography characteristics used in this study, found in Table 3.4 
(above),  came from a previously measure topography study Goniewicz et al. [39] conducted. A 
total of 150 puffs were collected in 10 puffing sessions.  
The Goniewicz et al. [52] study investigated how much nicotine concentration was in the United 
Kingdom’s most popular electronic cigarettes. Two disposable electronic cigarettes were tested: 
Totally Wicked and Vapouriz, while five non disposable models were tested: Green Smoke, E-
Lites, Smokers Angel and Vapestick. Nicotine concentrations varied but did not supply that 
information in mg/mL units. The same smoking machine in Goniewicz et al. [39] was used to 
generate the electronic cigarette aerosol with the same puffing topography characteristics 
identified in Table 3.4 (above). A total of 300 puffs were collected in 20 puffing sessions.   
The Farsalinos et al. [23] study mentioned in the previous no reference topography profile Chapter 
3.1.1 (above) used a combination of puffing topography characteristics identified in Table 3.4 
(above). The 4 second puff duration every 30 seconds was referenced from a previous Farsalinos 
et al. [49] study, “Evaluation of Electronic Cigarette Use (Vaping) Topography and Estimation of 
Liquid Consumption: Implications for Research Protocol Standards Definition and for Public 
Health Authorities’ Regulation”.  
Kosmider et al. [53] evaluated various characteristics, nicotine solvents and battery voltage, to 
understand how they affect carbonyl compounds found in electronic cigarettes. The refillable 
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model used was the eGo-3 Twist electronic cigarette. This specific type has a maximum puff 
duration time for one single puff of 10 seconds. This should be noted for future studies in case a 
researcher observes subjects puffing longer than 10 seconds. Six different brands of e-liquids with 
different flavors 18mg/mL nicotine concentrations, with the exception of the LiQueen e-liquid 
with a 24mg/mL nicotine concentration, were tested in this study: E-Juice Island Tobacco flavor, 
DK-TAB Classic Tobacco flavor, Mild Mild Black flavor, LiQueen Sunny Banana flavor, and E-
Liquid with Camel and Strong Hit flavors. The electronic cigarette aerosol was generated using 
the smoking machine Palaczbot developed at the University of Technology in Lodz, Poland. The 
puffing topography characteristics used, found in Table 3.4 (above), were referenced from the 
Goniewicz et al. [39] “Nicotine levels in electronic cigarettes” study.  
Marini et al. [26] was mentioned in the previous no reference topography profile Chapter 3.1.1 
(above). Multiple tests were conducted in this study. The test was interested in deposited particle 
dosage evaluation and used a median puff volume of 42.5mL, identified in Table 3.4 (above). This 
value was chosen after the US Department of Health and Human Services in 1988 document puff 
volumes between 21 and 66mL.   
Talih et al. [29] was mentioned in the previous no reference topography profile Chapter 3.1.1 
(above). It used a combination of puffing topography characteristics for the testing conditions 
found in Table 3.4 (above). The puffing duration values of 2 seconds, 4 seconds and 8 seconds 
were referenced from two research groups: Hua et al. [55] and Farsalinos et al. [49]  
The Williams et al. [56] study evaluated and compared the performance of disposable electronic 
cigarettes versus disposable electronic hookahs. The electronic cigarettes tested were: Blu Cig, 
NJOY King, and the V2 Cig. No information was supplied about what flavor or nicotine 
concentrations were tested. The apparatus used to generate the electronic cigarette aerosol was the 
puffer box developed at the University of Kentucky. The device was calibrated to take 4.3 second 
puffs which was referenced from the Hua et al. [55] study, found in Table 3.4 (above).   
El-Hellani et al. [33] was mentioned in the previous no reference topography profile Chapter  3.1.1 
(above). This study used a combination of puffing topography characteristics for their tests found 
in Table 3.4 (above). The 4 second puff duration tested was referenced from both Hua et al. [55] 
and Farsalinos et al. [49] 
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The Farsalinos et al. [48] study mentioned in the previous standard topography profile protocols 
in Chapter 3.1.2 (above) used a combination of puffing topography characteristics. In the first 
study 7 vapers were recruited through an online forum. They were invited to attend a clinical 
session where they were asked to puff 4 puffs for 4 seconds every 30 seconds. This profile, 
identified in Table 3.4 (above), was used from Jensen et al. [36]. This study was specifically 
interested investigating dry puff conditions. No information regarding whether the vapers had 
experience smoking electronic cigarettes was provided.  
Goel et al. [35] study was mentioned in the previous no reference topography profile Chapter 3.1.1 
(above). This study used a combination of puffing topography characteristics found in Table 3.4 
(above). The 20 second interpuff value was used from the Farsalinos et al. [49] study. 
Offermann [57] investigated both direct and indirect exposure of electronic cigarette aerosol. No 
information was supplied about the electronic cigarette type, brand, flavor, and nicotine 
concentration. This research conducted multiple studies. The first test was interested in the direct 
exposure assessment. The study does not explicitly supply any information about how the 
electronic cigarette aerosol was generated however, it was inferred that subjects partook in the 
study. No information was provided about how many subjects participated and how they were 
selected for the study. The puffing topography characteristics, identified in Table 3.4 (above), were 
175 puffs/day and a puff volume of 70mL. The second test was interested in the indirect exposure 
assessment. A small office space environment was used with an electronic cigarette user and non-
user. The electronic cigarette user puffed 125 puffs in 8 hours with the same 70mL puff volume. 
It was assumed that 100% of the exhaled aerosol was inhaled from the non-user. Both the tests 
referenced the Goniewicz et al. [51] study. 
Perkins et al. [58] assessed the reinforcement of enhancing effects of acute nicotine in electronic 
cigarettes. There were 28 subjects, 12 men and 16 women, who participated in the study. In order 
for the subjects to be eligible for the study they needed to consume at least 10 conventional 
cigarettes per day. No information was supplied indicating if the subjects used electronic cigarettes 
previous to the study. The refillable electronic cigarette used in this study was the PrimeVapor. 
The e-liquids tested were the Rawhide Red Tobacco and Freeport Menthol. This study used a 
combination of puffing topography characteristics in the different trials tested, defined in Table 
3.4 (above). The referenced topographies are from Vansickel and Eissenberg [50], Perkins and 
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Karelitz [59], and Perkins et al. [60]. All electronic cigarette aerosol was generated using the 
CReSS Pocket device manufactured from Borgwaldt KC, Inc. This study captured topography data 
discussed in Chapter 3.2.3 (below). 
Williams et al. [61] tested four different electronic cigarettes to identify different metals such as 
tin, copper, zinc, silver, nickel and chromium present in the aerosol produced from these devices. 
Three of the electronic cigarettes were refillable and the fourth model was disposable. No 
information regarding what brand, flavor or nicotine concentration was specified. The puffer box 
developed at the University of Kentucky was used to generate the electronic cigarette aerosol. The 
4.3 second puff duration used was referenced from the Hua et al. [55] research study and is 
identified in Table 3.4 (above).  
3.1.4 Measured Testing Protocols 
The last emission studies Table 3.6 (below) measured the topography values used to report 
emissions data.  
Table 3.6: Emission studies that measured topography for electronic cigarette topography protocols. 
Author & Date Puffs per Sample 
Puff Duration 
(s) 






Goniewicz et al. 
(2012) [39] * 
15 ± 6 1.8 ± 0.9 NR 70 ± 68 10 ± 13 
Schripp et al. (2012) 
[19] * 
6 3 NR NR NR 
Oncken et al. (2015) 
[62] 
59.0 (SD = 73.7)/day 
77.5 (SD = 59.7)/day 













Notes:  NR – Not Reported 
* - Studies that used topography to drive puffing machines.  
 
The Goniewicz et al. [39] study investigated nicotine levels in cartridges and e-liquids well as 
evaluated the nicotine vaporization efficacy of different brands of electronic cigarettes. There were 
16 different disposable/rechargeable electronic cigarettes tested in this study that can be found in 
Table 3.7 (below).  
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These specific electronic cigarettes were chosen based on the number of hits from the search 
engines on the web. The brands, flavor and nicotine concentrations of the cartridges and e-liquids 
used in the study are identified in Table 3.8 (below).  
Table 3.8: The cartridge and e-liquids tested in the Goniewicz et al. study. 
Type Brand Flavor Nicotine Concentration (mg) 
Cartridge SGC Regular 18 
Cartridge N/A Tabaco 16 
Cartridge Colinss Tabaco, Camel 18 
Cartridge Janty Marlboro 16 
Cartridge N/A Tobacco 0 
Cartridge Mild Marlboro 18 
Cartridge Trendy Trendy 18 
Cartridge Premium Tabacco 16 
Cartridge Nicore Marlboro 18 
Cartridge N/A Marlboro 4 
Cartridge Ecis Mentol 11 
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Cartridge Mini Regular 0, 4, 16 
Cartridge Intellicig Regular 8 
Cartridge SkyCig Regular 12 
Cartridge Liberro Classic 18 
Cartridge NPro Regular 18 
Cartridge Gamucci Regular 16 
E-Liquid Dekang Fortune Strike 14 
E-Liquid Red USA Mix 24 
E-Liquid Colinss Camel 18 
E-Liquid Ecis High Marlbo 16 
E-Liquid Extreme Standard H 16 
E-Liquid Virginia N/A 18 
E-Liquid N/A Mint Medium 11 
E-Liquid N/A MintVery High 24 
E-Liquid Ecigar.pl Regular 24 
E-Liquid Mild Tabacco 18 
E-Liquid Janty TXS-Z Texas 0 
E-Liquid Janty TXS-H Texas 16 
E-Liquid Janty Mint-H 16 
E-Liquid Nicore Liquid 18 
E-Liquid EssentialOil Virginia Tabacco 12 
 
The Palaczbot smoking machine developed at the Technical University of Lodz in Poland was 
used to generate the electronic cigarette aerosol. The puffing topography characteristics used were 
selected based off measured values. There were ten subjects, 2 women and 8 men, who were 
recruited to smoke their own electronic cigarette devices for one month using the CressMicro 
monitors. After the one month period was completed all the puffing profiles were averaged 
together to create the puffing topography profile used in this study, identified in Table 3.6 (above). 
No information was provided about how the subjects were recruited or which electronic cigarettes 
they used during the one month period.  
The Schripp et al. [19] study was mentioned in both reference topography profile Chapter 3.1.1 
(above) and standard topography profile Chapter 3.1.2 (above). The topography characteristic the 
research group measured was the puff duration identified in Table 3.6 (above). It was determined 
by removing the mouthpiece and wick from the electronic cigarette and measuring the temperature 
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of the heating coil using thermography. The instrument used was the ThermaCAM B20 
manufactured from FLIR Systems. The 3 second interval between start of the electronic cigarette 
to reaching stable temperature conditions was considered the puff length duration.  
Oncken et al. [62] studied the nicotine concentrations and physiological reactions to electronic 
cigarettes. Eighteen subjects completed the two monitoring sessions for the study. They were 
recruited through the newspaper advertisements and radio announcements. The research group 
was specifically targeting subjects who were not seeking treatment and willing to try electronic 
cigarettes for 2 weeks and abstaining from conventional cigarettes. The subjects had to have 
smoked at least 10 cigarettes on a daily basis. The device used throughout this study was the 
refillable Joyetech eGo-C with the 18mg/mL nicotine concentration e-Juice e-liquid. The two 
flavors that were tested were either Tobacco or Menthol. Subjects were randomly distributed to 
either the tobacco flavor group of the menthol group for 7 to 10 days and then switched groups for 
the next remaining 7 to 10 days. The subjects were given diaries to record the number of puffs they 
consumed on an hourly basis. Those reported values are identified in Table 3.6 (above). 
3.2 TOPOGRAPHY STUDIES 
3.2.1 Surveys and Self-Reported Usage Data 
These studies were conducted to explicitly understand electronic cigarette user topography. Table 
3.9 (below) shows the studies dependent on either questionnaires or users self-reported data to 
quantify the puffing topography characteristics.  

















































































































































































































































Diary  NE 
Notes:  NR – Not Reported 
NE – Natural Environment 
D – Disposable 
RC – Rechargeable 
RF – Refillable 
RB – Rebuildable 
 
Etter [63] assessed the use patterns, reasons for use and the users’ opinions of electronic cigarettes. 
This research group utilized a questionnaire in order to collect the desired data. The survey was 
posted on a smoking cessation website Stop-Tabac.ch between September and October 2009. 
Participants in the study were eligible if they had ever used an electronic cigarette and provided 
the brand name of the most used electronic cigarette. Participants were asked if they were still 
using electronic cigarettes, they were asked how many puffs they consumed on a daily basis, the 
brand they used most often, preferred flavor, nicotine concentration, cost per package and whether 
the electronic cigarettes helped them quit smoking conventional cigarettes. Demographics of the 
users, age, sex and country of residence, were also captured in the questionnaire. Eighty one 
participants, 77 men and 4 women, responded to the questionnaire. The median age of the 
participants was 37 years old. The participants lived in various countries: 81% in France, 8% 
Belgium, 6% Canada and 5% in Switzerland. The majority of the participants, 63%, indicated they 
quit smoking conventional cigarettes in the past 100 days. Most of the participants had been using 
the electronic cigarettes for 3 months or longer. The average number of puffs taken daily was 175, 
identified in Table 3.9 (above). There were 16 brands of electronic cigarettes named in the study 
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the most popular being: Janty, Joye, Sedansa, Econolope, Liberty-cig, Smoke51 and Edsylver. 
There was no information provided about the models of the brands. The most popular flavors were: 
tobacco, mint, fruit, vanilla, coffee and tea. This study captured valuable data about the 
participant’s demographics however, the only topography characteristic it was able to gather was 
number of puffs on a daily basis. This information also presents user bias since the method used 
to collect data is dependent of the participant’s response. In order to mitigate user bias utilizing an 
instrument that can quantitatively measure the desired puffing topography characteristics would 
improve the validity of the data gathered.  
Etter and Bullen [64] conducted a research study aimed to assess electronic cigarette user’s 
profiles, utilization patterns and determine the satisfaction and perceived effects. Data was 
collected from a questionnaire on the smoking cessation website Stop-Tabac.ch as well as other 
discussion forums and websites. Data was collected between the months of March to October 
2010. Participants were required to be over the age of 18 and either be current, past or never-users 
of electronic cigarettes. In order to regulate duplicate responses IP addresses and computer 
numbers were recorded. 
The survey used was approved by the ethics committee of the Geneva University Hospitals to 
collect the following information: 
1) Prior or current use of electronic cigarettes and intention to use them.  
2) Dosage, puffs/day, brand, flavors, cost and where obtained.  
3) Duration of use, delivery of nicotine, ease in staying off cigarettes.  
4) Effect on smoking cessation and on tobacco withdrawal symptoms in participants who had 
used the electronic cigarette during a quit attempt.  
5) Respiratory symptoms.  
6) Reasons for using and reasons for stopping use.  
7) Side effects, acceptability and satisfaction.  
8) Use of smoking cessation medications (nicotine therapy, bupropion and varenicline).  
9) Smoking status, cigarettes per day and time to first cigarette.  
10) Currently trying to quit or reduce smoking, intention to quit, confidence in ability to quit.  
11) Age, sex, income, education, country and, from May 2010 onwards, where respondents 
learned about the survey.  
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After deleting duplicates and removing records that corresponded with users who were less than 
18 years old, 3587 records were analyzed. The median age of the users was 41 years old. 61% of 
the participants were male and 70% were former smokers. The respondents came from various 
countries: 62% United States, 14% France, 6% United Kingdom, 4% Switzerland, 3% Canada and 
11% from other countries. The popularity of brands and flavors varied by country. However, the 
most used models were 510, the eGo, the KR808, 901, and the Tornado while the most used flavor 
was tobacco with mint-menthol and fruit flavors closely following behind.  
The data collected in this study was dependent on the participant’s responses in order to collect 
the desired utilization patterns which introduces user bias. A questionnaire alone is not sufficient 
enough to rely on these participants profiles. In order to expand on this research utilizing an 
instrument in conjunction with the questionnaire would help mitigate the user’s bias. It could also 
show the accuracy of self-reporting. If all the participants’ responses were statistically close to the 
collected data then it could support a questionnaires validity. However, if it proved to show a great 
difference then a questionnaire could be problematic. There was no reported data for electronic 
cigarette topography other than number of puffs collected in a day found in Table 3.9 (above). A 
questionnaire is unable to capture specific parameters of such as mean puff volume, mean puff 
flow rate or interpuff.  
Vansickel and Eissenberg [50] study was mentioned in the previous referenced topography profile 
Chapter 3.1.3 (above). After the first study referencing Eissenberg [12] topography characteristics, 
the subjects were asked to smoke ad lib for 60 minutes and self-report how many puffs were taken 
throughout the duration identified in Table 3.9 (above). Blood was sampled every 15 minutes to 
measure plasma nicotine. The results from the ad lib session ranged from 4 to 76 puffs with an 
average of 46.6 puffs in 60 minutes. This data is dependent on the subjects’ response and therefore, 
introduces user bias. It should be noted that the range of number of puffs is so broad, which means 
subjects consuming 76 puffs in 60 minutes consumed 19 times the amount of nicotine users who 
puffed 4 puffs consumed, assuming the same puff volume, puff flow rate and puff duration. This 
emphasizes the necessity for a range of puffing topography profiles to understand nicotine 
consumption. This study could also be improved by using a quantitative measuring device to 
collect the desired puffing topography characteristics.  
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Dawkins and Corcoran [22] study was mentioned in the no referenced topography profile Chapter 
3.1.1 (above). After completing the first study collecting information about how much nicotine 
was consumed in 10 puffs, the subjects were asked to smoke ad lib for 60 minutes. Throughout 
this duration the subjects were asked to note how many puffs were consumed under the observation 
of the researchers. The range of puffs taken in the 60 minutes was 11 to 63 with an average value 
of 29, found in Table 3.9 (above). Like the previous Vansickel and Eissenberg study mentioned it 
is necessary to have a range of puffing topographies to understand consumption of nicotine since 
users puffing 63 puffs consumed 5 times more than the users puffing 11 puffs, assuming the same 
puffing topography profiles. This study can also improve by using a quantitative instrument to 
measure the desired puffing topography characteristics. Unlike the previous study the researchers 
also observed the number of puffs reported from the subjects and therefore supports the validity 
of the reported data.  
Etter and Eissenberg [65] conducted a study to assess the dependence levels of electronic cigarette 
users compared to nicotine gum users and tobacco cigarette smokers. The study was divided into 
five phases.  
1) Daily electronic cigarette users who were former cigarette smokers compared their current 
level of dependence on electronic cigarettes with their former level of tobacco cigarette 
dependence.  
2) Dependence ratings were taken for electronic cigarette users versus without nicotine. 
3) Former cigarette smokers’ daily electronic cigarette dependence was compared to daily 
nicotine gum users.  
4) The dependence level on electronic cigarettes in former cigarette smokers and in current 
cigarette smokers was compared.  
5) In daily cigarette smokers a comparison between dual users’ electronic cigarette 
dependence and dependence on tobacco cigarettes was compared.  
A questionnaire was utilized in this study to gather participants and their use data. A questionnaire 
for electronic cigarette users was posted on a smoking cessation website Stop-tabac,ch between 
October 2012 and October 2013. Participants were eligible if they were over the age of 18 and 
daily electronic cigarette users. Nicotine gum users data was collected between 2004 and 2007 
utilizing the same website. 451 former smokers who used the nicotine gum daily and had stopped 
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smoking in the last 7 days were included. Two samples of daily cigarette smokers were gathered. 
2206 daily cigarette smokers were gathered using the same website from 2004 to 2007 while a 
sample of 1487 completed a mailed questionnaire from a registry of residents in Geneva, 
Switzerland. 
There were different methods established in order to assess the level of dependence for the users. 
The only measurements that were not validated were the dependence on electronic cigarettes and 
the nicotine gum. For tobacco cigarette smokers’ dependence instruments like the 6-item 
Fagerstrӧm test (FTND), the 19-item nicotine dependence syndrome scale (NDSS) and cigarette 
dependence scale (CDS) were utilized. The data collected from this study, identified in Table 3.9 
(above) showed that former cigarette smokers who now consumed electronic cigarettes daily had 
more puffs, 217, compared to daily cigarette users who smoke electronic cigarettes daily at 140 
puffs per day.  
This data set, like some previously mentioned, can improve since a questionnaire was utilized to 
gather the users’ data. Collecting the data quantitatively in conjunction with the self-reported data 
would help mitigate the bias introduced to the study. Another area that needs to be improved upon 
for this study was the dependence of electronic cigarettes and nicotine gum. There was no way to 
measure dependence at data collection and therefore, any information that was presented had bias 
introduced from the researchers. Proper validation methods should be establish in order to mitigate 
these issues.  
Nides et al. [27] study was mentioned in the no referenced topography profile Chapter 3.1.1 
(above). On Visit 2 the subjects were given a diary to record the number of puffs they took when 
using the ENDS devices. Subjects recorded the puffs consumed for 7 days which is identified in 
Table 3.9 (above). The mean puff usage varied widely, 1.7 – 400 puffs per day. The median value 
reported was 59 puffs per day. There were only 2 subjects who averaged more than 160 puffs per 
day. Like the previous studies this wide range presents issues. For the subjects consuming 400 
puffs a day, they consumed 235 times the amount a subject puffing only 1.7 puffs per day, 
assuming the same puffing topography profiles. This study could be improved upon if it did not 
solely rely on self-reported data which introduced user bias. A quantitative measuring instrument 
would improve the validity of the desired topography characteristics data.  
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Yan and D’Ruiz [31] study was mentioned in the no referenced topography profile Chapter 3.1.1 
(above). After subjects completed the controlled session they were asked to puff ad lib for one 
hour. The subjects were asked to maintain their own puffs. The reported data is identified in Table 
3.9 (above). This study relied on self-reported data to measure the number of puffs taken in a one 
hour session. This introduces user bias and therefore, can be improved by utilizing a measuring 
device to capture the desire puffing topography characteristics. The range of puffs taken in the one 
hour session for this study was also very broad. Product A had a range of 5 – 128, Product B = 4 
– 136, Product C = 8 – 140, Product D = 8 – 112 and Product E = 3 – 118. Not only does this show 
a wide range it also shows variability between brands. Therefore, understanding how brand 
impacts electronic cigarette use is also important.  
D’Ruiz et al. [43] study was mentioned in the standard topography profile protocol in Chapter 
3.1.2 (above). After the first controlled dose study a one hour ad lib puffing session was tested. 
The research group was interested investigating the plasma nicotine levels under uncontrolled, 
natural use conditions. The subjects were asked to keep track of the number of puffs consumed 
during the ad lib period. The data collected in this session is identified in Table 3.9 (above) and 
has the same range of data for each product as the Yan and D’Ruiz [31] study. The same issues 
presented in the Yan and D’Ruiz study as well as the recommendations for improvement are 
applicable to this study.  
Manzoli et al. [66] evaluated the safety and efficacy of electronic cigarettes. They were interested 
comparing the results of subjects using only electronic cigarettes, conventional cigarettes or both. 
The subjects were recruited from June to November 2013 through direct contact at general 
practitioners, electronic cigarette stores, internet advertisements and social networks. All subjects 
that were recruited for the electronic cigarette categories were required to have at least 6 months 
of electronic cigarette use. This study was only interested in users between 30 and 75 years old. 
The mean age was 44.5 ± 11.6 years. All the subjects in this study previously used conventional 
cigarettes for more than 20 years. The instrument used to collect the desired data was a 
questionnaire administer either on a phone interview or on the www.ipazienti.it/fumo website. The 
questionnaire was available for 12 months. Table 3.9 (above) identifies all the data collected. For 
the electronic cigarette use group, N = 236, the mean value for number of puffs consumed on a 
daily basis was 162 (SD=276) and the dual smoking group, N = 232, was 96 (SD=146). This study 
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has user bias in the reported data because it solely relies on the response of its subjects. To mitigate 
this bias and improve the validity of the reported data a quantitative measuring device could be 
used in conjunction to support the results.  
Oncken et al. [62] study was mentioned in the measured topography profile Chapter 3.1.4 (above). 
The recruitment, devices tested, procedures and results presented in that section are the same for 
this section. The reported values are identified in Table 3.9 (above). This study relied on the 
subjects reporting the number of puffs consumed and therefore can improve by implementing a 
quantitative measuring device to improve the validity of the results.  
3.2.2 Video Recordings 
Table 3.10 (below) identifies two studies dependent on video recordings to quantify puffing 
topography characteristics.  
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Notes:  NR – Not Reported 
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NE – Natural Environment 
RB – Rebuildable 
 
Hua et al. [55] in 2011 analyzed puff and exhalation duration for individuals using both ENDS and 
conventional cigarettes in YouTube videos. Videos that clearly showed individuals smoking either 
ENDS or conventional cigarettes were retrieved randomly. 65 videos were observed with ENDS 
users in this study. There was a total of 64 ENDS users, 84% were men. The age group ranged 
from 19 – 45 years old.  25 different user-identified ENDS brands and two unknown ENDS brands 
were reported in the study.  
Puff and exhalation duration were measured using a stopwatch while observing the users in the 
YouTube videos. A puff was defined as the interval between the LED light switching on and the 
first vapor being exhaled. Exhalation duration began between the time frame when vapor was 
expelled from the mouth until the time all vapor appeared to been released. It was determined that 
2 – 10 puffs were taken on average during each video. In order to mitigate bias from one observer 
this study had two observers score the videos for puff and exhalation duration. Inter-observer 
reliability was determined by dividing the total number of seconds agreed upon by the total number 
of seconds. The inter-observer reliability for puff duration for an ENDS user was determined to be 
96.7% and 91.3% for exhalation duration.  
The average puff duration for conventional cigarettes, 2.4 ± 0.8 seconds, differed dramatically 
compared to ENDS puff duration, reported in Table 3.10 (above). There was no significant 
difference for exhalation duration amongst the two smoking devices. Further analysis investigated 
the impact of different brands on topography. By changing brands mean puff duration varied from 
a low value of 3.6 ± 0.9 seconds to a high value of 5.8 ± 1.4 seconds. Men had more variation and 
a higher mean puff duration value compared to women. 
The data collected in this study relied on observers to determine duration times from YouTube 
videos. This presents a bias issue from various aspects. The study had two observers in order to 
moderate this bias however, a quantitative device would help validate the study. The second 
observation the research team discovered was that there was variation in YouTube videos that 
seemed to be advertisements. Since companies have influence on how they want to advertise their 
products neglecting these videos would strengthen the study. Data should be collected on how 
people smoke these devices naturally instead of how they appear to be smoking. The method to 
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capture times also adds more bias to the values reported. In order to collect time duration, a 
stopwatch was used while observing the individuals smoking from the videos. Instead utilizing the 
videos own timing mechanism would have been more accurate since no observer error would be 
introduced. The research group found in a few cases that a user was clearly draw on an ENDS 
device before the LED light was turned on. This is problematic because of how the group defined 
puff duration. There is a profound observer bias when determining duration times because there is 
no clear explanation of how the definitions look. One observer may believe that all the vapor was 
expelled but another could believe differently. A device measuring quantitatively would help 
alleviate this issue.  
In a study conducted by Farsalinos et al. [49] a group of 80 subjects, 45 experienced electronic 
cigarette users and 35 smokers, were recruited. The subjects came from another study evaluating 
acute clinical effects of using a “medium-strength” nicotine-containing e-liquid. The ECIG group 
consisted of experienced electronic cigarette users who had more than two months of experience 
using electronic cigarettes. Smokers were defined as users smoking cigarettes for more than a year 
and were subdivided into two groups SM-S and SM-E. Smokers that were assigned to smoke 
cigarettes were a part of the SM-S group and smokers assigned to use electronic cigarettes were a 
part of the SM-E group. The participants ranged from 20 – 45 years old. All the participants in the 
ECIG group were former smokers and substituted smoking with electronic cigarettes. They 
consumed 6 – 12 mg/mL nicotine concentration in the e-liquid on a daily basis. The smokers 
reported never using any type of electronic cigarette device before the study.  
Before data collection the participants were required to abstain from food, coffee, alcohol, smoking 
and electronic cigarette use for at least eight hours. In addition the researchers explained to the 
participants how to use the eGo-T rebuildable device. They focused on the coordination between 
activation of the electronic cigarette device and puff initiation as well as on the need to 
continuously press the button during the whole duration of a puff. The ECIG and SM-E group used 
the eGo-T which contained a 9 mg/mL of nicotine concentration e-liquid which was considered 
medium strength. Topography measurements were gathered from a researcher utilizing a camera 
to video record the participants. Timing measurements were performed by frame to frame analysis. 
The ECIG group was asked to smoke ad lib for 20 minutes while the SM-E group smoked ad lib 
for 10 minutes. Puff, inhalation and exhalation duration were all measured in this experiment. Puff 
65 
 
duration was defined as the interval between when the LED light was activated with the device in 
the mouth until it was removed from the mouth. Inhalation was defined as the frame when the 
device was removed from the mouth and just before vapor first became visible. Exhalation was 
the time between when vapor was visible and when no more vapor came from the mouth.  
10 consecutive puffs, which equate to smoking one cigarette, for both the smokers and electronic 
cigarette users were analyzed in this study. Puffs 1 – 3 were not recorded in order to allow the 
participants to become acquainted with the device. Therefore, puffs 4 – 13 were the puffs that were 
recorded and analyzed. There was significant differences observed between the ECIG group and 
the SM-S group in vaping and smoking patterns. Puff duration for example was doubled in the 
ECIG group compared to the SM-S and SM-E groups. Inhalation duration, on the contrary, was 
less for the ECIG group. This study in conjunction with previous studies shows that electronic 
cigarette users are consuming more of their product compared to smokers. At the five minute mark 
electronic cigarette users took 13 ± 2 puffs while at the 20 minute mark 43 ± 8 puffs were taken. 
All the topography data is identified in Table 3.10 (above).  
The original intention of this study was to test another atomizer called eGo-C. Some of the 
electronic cigarette users reported experiencing overheating of the atomizer a phenomenon called 
dry puff. Dry puff is an unpleasant, burning taste caused by insufficient supply of liquid to the 
resistance so that evaporation rate is higher than liquid supply. In response all recordings using the 
eGo-C were discarded due to the complications and the eGo-T device was used in replacement. 
This presents an issue when testing these types of devices. An extra procedure needs to be 
implemented in order to mitigate dry puff exposure to users when conducting a study. Video 
observation as a way of collecting data also presents issues since it is a qualitative observation 
instead of quantitative measurement. This study noted that participants inhaled from the nose 
during puff drawing, Therefore, measurements of inhalation time corresponded to the inhalation 
of vapor from the oral cavity. Exhalation was defined as the time when vapor was first visible until 
no more vapor was coming out of the mouth. However, this assumption could cause problems if 
the participant is still exhaling but no visible smoke is being observed.  
3.2.3 Topography Measured by Monitoring Devices 
Table 3.11 (below) identifies the studies the utilized different measuring and monitoring devices 
to quantify puffing topography characteristics.  
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Notes:  NR – Not Reported 
NE – Natural Environment 
68 
 
D - Disposable 
RC – Rechargeable 
RF – Refillable 
RB – Rebuildable 
CRM – CressMicro System 
CTU – Computer based topography unit, Plowshare Technologies, Baltimore 
TI – ECIG topography instrument developed and manufactured at the American University of 
Beirut (AUB) 
 
The Goniewicz et al. [39]study was mentioned in the measured topography profile Chapter 3.1.4 
(above). The recruitment, devices tested, procedures and results presented in that section are the 
same for this section. The reported values are identified in Table 3.11 (above). This study relied 
on the subjects reporting the number of puffs consumed and therefore can improve by 
implementing a quantitative measuring device to improve the validity of the results.  
A study conducted by Norton et al. [67] examined the reactions and puffing behaviors with first 
generation ENDS amongst inexperienced users. 38 participants were recruited through local 
newspaper advertising. To be eligible for the study participants needed to be at least 18 years of 
age, smoked 10 cigarettes on a daily basis, did not use any other tobacco or nicotine products while 
concurrently smoking cigarettes, had no use of ENDS in the last 30 days and reported no intention 
of quitting smoking in the next 30 days. At the end of the study only 16 participants completed all 
the requirements and were labeled compliant. Of that population 62.5% were women, 81.2% were 
White, 18.8% were Black and the average age was 45.5 (SE 3.5) years old.  
Testing was conducted in a laboratory on three separate occasions over five days at consistent 
times of the day. Day 1 participants were asked to complete a series of questions on tobacco use 
history and awareness of ENDS. A saliva specimen, urine specimen and exhaled breath sample for 
carbon monoxide were tested. The CReSS device was used to capture the participants smoking 
data. They were asked to smoke for 10 minutes and then completed a Cigarette Evaluation Scale. 
They then took the devices home and smoked five of their own cigarettes using the CReSS over 
the next 24 hours. On Day 2 of the study participants were instructed to only use ENDS products 
for the next 72 hours. They were asked to smoke their ENDS product at least five times a day using 
the CReSS device. The Smoke 51 TRIO ENDS was used. Three refills of an 11 mg/mL cartridge 
and instructions on how to replace the cartridge were given to the participants in conjunction with 
the device. On Visit 3, Day 5, participants completed a questionnaire and a saliva and urine 
specimen were collected.  
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The CReSS device used to capture topography data, found in Table 3.11 (above), in this study 
experienced an equipment failure which led to a loss of cigarette topography data for six 
participants and ENDS topography data for nine participants. This instrument failure in addition 
to other anomalies found in other research studies causes concerns with the validity of the CReSS 
Micro device. It was also observed when participants were smoking in a laboratory setting more 
puffs were taken for cigarettes in comparison to ENDS. Therefore, a laboratory setting may not be 
the best environment to gather data since it causes different smoking behaviors from the users 
being observed.  
Spindle et al. [28] study was mentioned in the no reference topography profile Chapter 3.1.1 
(above). It used a combination of puffing topography for two different studies. One of the tests 
was to measure electronic cigarette topography from users. No specific information was provided 
about the study set up. The instrument used to measure the puffing topography was an instrument 
developed and manufactured at the American University of Beirut, Lebanon. This instrument 
senses flow induced pressure drop across an orifice plate. Several mouth pieces were manufactured 
for the device and individually calibrated using a custom built digital flow calibrator. The research 
group was interested in capturing puff volume, puff duration and puff flow rate. The collected data 
is available in Table 3.11 (above).    
The study Behar et al. [68] conducted aimed to evaluate electronic cigarette topography utilizing 
the CReSS Pocket device in order to quantify nicotine intake. Two brands of electronic cigarettes, 
Blu Cigs and V2 Cigs, were used for the study due to their popularity. The tobacco flavored 
cartomizers for the Blu Cigs had labeled nicotine concentrations of 16 mg/mL while the V2 Cigs 
has 18 mg/mL. Each participant was provided a new Blu or V2 cartomizer. In order to be eligible 
to partake in the study participants needed to be at least 18 years old, experienced electronic 
cigarette users with three months of use or more, accustomed to using nicotine concentrations with 
12 mg/mL or higher and in overall good health. 20 participants, 16 males and 4 females, were 
selected for the study. The majority of the participants were aged between 18 – 25 years old and 
had experience with both conventional and electronic cigarettes. There were eight participants who 
identified as dual users of both the products.  
This study was conducted in two visits. Participants were asked to abstain from conventional or 
electronic cigarette use for at least one hour upon arrival to the study site. One the first day the 
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participants were asked to fill out a questionnaire on their smoking and electronic cigarette use 
history. They were then escorted to a designated outdoor site. The researchers observed the 
participants at the start of each session for 1 – 3 puffs in order to determine if the CReSS Pocket 
device was working properly. The participants were then left alone to smoke ad lib for 10 minutes, 
followed by a 10 – 15 minute break, after which they used the next brand for 10 minutes. The 
participants followed the same procedure for Day 2 of the study which occurred within seven days 
from the first visit.  
Data, found in Table 3.11 (above), across both brands and both days were combined to give overall 
values for each of the smoking parameters. The average puff volume was 51 ± 21 mL, the average 
puff duration was 2.65 ± 0.98 seconds and the average inter-puff interval was 17.9 ± 7.5 seconds. 
In a 10 minute time frame 13 – 24 puffs were taken. Most users took between 20 – 39 puffs, fewer 
took 40 – 43 puffs and only one user took 10 – 19 puffs. Nine patterns of electronic cigarette users 
were identified based off of puff duration time. Some users had consistently low, midrange or high 
puff durations while others varied sporadically. The nine different patterns are: 1) users who have 
consistently low puff durations, 2) users with midrange puff durations, 3) users with high puff 
durations, 4) users with erratic puff duration across all sessions, 5) users who consistently had 
fewer total puffs, 6) users with consistently higher total puffs, 7) users who varied puff counts 
across all sessions, 8) users who has different puff counts on Day 1 and Day 2 of the study and 9) 
users who puffed Blu more times than V2.  
A limitation that was encountered with the CReSS pocket device is the underestimation of the total 
electronic cigarette puff counts in 10 minutes. The manufacturer created the device to stop 
recording topography data once a user reaches 43 puffs. This impacted the study since 26% of the 
users exceeded this limitation. Additionally, the average puff durations were underestimated due 
to the exclusion of participants who took large puffs causing fluid to be drawn into the device. By 
excluding these topography profiles this research is not capturing the true electronic cigarette 
topography demographic.  
Farsalinos et al. [69]compared the nicotine absorption and puffing topography of experienced 
electronic cigarette users versus inexperience users. Experienced electronic cigarette users needed 
to be former smokers who quit smoking and switched to electronic cigarettes for at least one 
month. Smokers were required to have been smoking for the past 5 years with no experience using 
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electronic cigarettes. This study tested people between the ages 18 – 60 years old. The EVIC, a 
rechargeable lithium battery, developed by Joyetech and the EVOD, a refillable atomizer capable 
of holding 2mL of e-liquid, developed by KangerTech were used. An 18mg/mL nicotine 
concentration Max Blend Flavourant SRL flavored e-liquid was tested. The subjects reported to 
the laboratory after 8 hours abstaining from either electronic or conventional cigarette use, 
caffeine, alcohol and food intake.  
The subjects were first asked to puff 10 puffs in a 5 minute period, simulating conventional 
cigarette usage. After completing the initial test subjects were asked to use the electronic cigarette 
ad lib for 60 minutes. A blood sample was collected after the initial 5 minutes and then every 15 
minutes after that. Puffing topography was assessed for the 65 minute period. The electronic 
cigarette device was capable of recording the activation time of each puff and storing the number 
of puffs, duration and time of each puff in the internal memory. In order to prove the validity of 
the electronic cigarette measuring capability a pilot test with 5 subjects was conducted before this 
study. A recording device was used to validate the duration time captured from the electronic 
cigarette device. The average values for both the vapers and smokers using the electronic cigarette 
device are identified in Table 3.11 (above). It should be noted that both cases had a large range of 
reported puff duration: Vapers = 1.8 – 6.2 seconds and Smokers = 0.9 – 4.3 seconds. This supports 
the necessity for a range of standard puffing topographies in order to capture the true nature of 
electronic cigarette use. It should also be noted that experience electronic cigarette users puffed 
longer duration puffs which can insinuate more e-liquid and nicotine consumption.  
The most recent study conducted by Lee et al. [70] aimed to assess the changes in puffing behavior 
after users switched from conventional cigarettes to electronic cigarettes. A total of 20 smokers, 9 
male and 11 female, who were naïve to electronic cigarettes were recruited for the study. 
Advertisements on campus, local media and word of mouth were utilized to recruit the participants. 
The ages of the participants ranged from 20 – 52 years old with an average age of 31. The product 
tested in this experiment was the electronic cigarette M201 type. The electronic cigarette, 20 
cartridges containing 11.0 ± 1.5 mg of nicotine for one week use, one spare battery and a charger 
were supplied to the participants. Verbal and written instructions on how to use the device were 
given to the participants in addition.  
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They were asked to substitute their conventional cigarettes with the electronic cigarette for two 
weeks and to refrain from smoking any other combustible tobacco products. There were three 
required clinic visits, Day 1, Day 7 and Day 14 that the participants needed to go to. Before the 
clinic visit all participants were asked to refrain from smoking their electronic cigarettes for at 
least 8 hours. At each visit subjects participated in an experimental puffing session where they 
were asked to smoke ad lib on the electronic cigarettes. There was no limitation how long the ad 
lib session could be. Puffing topography was measured using the CressMicro monitor with a 
connector for electronic cigarettes. There was substantial variability in puffing topography 
reported in this study. Statistical analysis revealed that puff duration and puff flow rate changed 
throughout the duration of the study. The data is identified in Table 3.11 (above). 
This study only examined use from the three clinical visits so a larger sample size would help to 
improve the data that was collected. In addition the CressMicro device was used to collect the data. 
However, due to limitations set by the manufacturer and other inconsistencies presented from other 
studies using another device in conjunction with the CressMicro may improve the validity of the 
instrument. This study was also conducted in a laboratory setting which has proven to change 
users’ topography. Collecting participants’ data in their natural environment is the best testing 
condition.  
Perkins et al. [58] study was mentioned in the referenced topography profile protocol in Chapter 
3.1.3 (above). There were four trials conducted in this study. Each trial lasted 25 minutes to allow 
time for the 5 minute controlled puffing topography described in Chapter 3.1.3 (above), 2 minutes 
to complete subjective responses, 15 minutes to complete the designated task, and 3 minutes of 
rest before the next trial. The CReSS Pocket was used throughout the duration of all four trials and 
captured the desired topography data, identified in Table 3.11 (above). The reported puff volumes 
corresponding to the initial 10 puffs varied slightly between the nicotine and placebo electronic 
cigarettes: 1034 ± 78mL and 1128 ± 67mL. There was also no large difference in puff volume 
consumption in the presence of a reward: Reward = 1033 ± 61mL and No Reward = 1119 ± 71mL.  
Robinson et al. [71] aimed to better understand electronic cigarette topography. The study 
investigated how to quantify variation in puffing behavior of a given user and amongst different 
electronic cigarette users. There were 22 subjects who completed the study however, Subject 19’s 
data was discarded due to an error arising in data collected. The remaining 21 subjects, 19 male 
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and 2 female, ranged between the ages of 18 to 29 completed the study. These subjects were 
recruited using a poster placed around the Rochester Institute of Technology (RIT) campus. The 
subjects were required to be regular electronic cigarette users. There was a $50 compensation for 
subjects who completed the study. The puffing topography measuring device used in this research 
was the Wireless Personal Use Monitor (wPUM) designed, built and tested at RIT in collaboration 
with FSI Systems. The wPUM has an integral orifice plate and a differential pressure sensor used 
to measure the dynamic pressure change associated with airflow. It was designed to be a small, 
unobtrusive, ergonomic and able to accommodate different sizes of electronic cigarettes.  
Before each test subjects were surveyed about their smoking history and behavior. The researchers 
conducted a training session for each of the subjects to ensure they were using the wPUM properly. 
After the training session was complete the subjects were provided with a packet instructing them 
how to use the wPUM correctly in case any information was forgotten. The subjects were provided 
the wPUM and a one day supply of rechargeable Blu electronic cigarettes. These cartridges had 
16mg of nicotine concentration indicated on the labels. The subjects were asked to smoke their 
electronic cigarettes how they normally would over the course of 24 hours in their natural 
environment. After the 24 hours were complete the subjects would return the devices back to the 
research team and collect their compensation. 
The puffing topography data collected is identified in Table 3.11 (above). There was various data 
captured throughout this study. The first line of data is the cohort average of all the puffing 
topography characteristics, the next three lines correspond to three representative puff 
topographies: many short puffs, typical puffs and fewer longer puffs, and the last two lines 
correspond to the cumulative electronic cigarette use and e-liquid aerosol exposure.  
3.3 GAPS IN THE LITERATURE 
Although various research groups have conducted multiple studies to better understand electronic 
cigarette topography there are still gaps in the research that need to be understood and corrected 
in order to progress in future studies. The studies that specifically aimed to measure electronic 
cigarette topography have a few areas of improvement which this study plans to expand on. First, 
only one study investigated how participants smoked in their own environment quantitatively. This 
study will further investigate electronic cigarette topography in the natural environment. The 
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second limitation identified is studies are reporting specific profiles and using them as absolute 
profiles without sufficient data to justify their accuracy. This presents a problem considering there 
are various profiles that have been presented to date. The last gap is that only one instrument has 
been used to measure topography in the natural environment, CReSS Micro System. However, 
because of limitations set by the manufacturer data cannot be fully gathered. This research will 
validate that the wPUM can capture full topography data, unlike the previously described studies.  
4 CHAPTER 4: SCOPE OF STUDY 
4.1 MOTIVATION – RTI STUDY 
In April 2015, a collaboration between Rochester Institute of Technology and Research Triangle 
International conducted a comprehensive week long topography study of college students using 
both disposable and rechargeable electronic cigarettes in their natural environment. This study 
aimed to provide a better understanding of electronic cigarette puffing topography and use 
behavior. Ultimately the research wanted to provide meaningful puffing topographies that can be 
used in machine generated emission studies as well as provide insight of the variation in use 
behavior for individual subjects and subject cohorts. This study provided insight and filled gaps 
missing from previous research groups. Throughout the study many qualitative observations were 
made from the measured data that helped expand the TAP. The maximum puff duration and power 
up/down module are two examples that were added in order to ensure data integrity. However, a 
comprehensive characterization of the wPUM was needed in order to validate the instrument.  
4.2 GOAL 
The goal of this research was to validate that the wPUM is capable of gathering electronic cigarette 
topography data correctly. The aims were designed to test the wPUM in various conditions. This 
allowed for variation in topography, testing environments, brands of electronic cigarettes and 
generation of aerosol. Each aim was validated using another instrument to prove that the wPUM 
measured and reported the correct data.  
4.3 SPECIFICS AIMS 
The specific aims for this study are identified below: 
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Aim 1 – Characterize the wPUM in a machine controlled  laboratory environment under 
RIT Ideal Testing Conditions.  
Aim 1.1 – Conduct an experiment to validate the ability to detect puff duration utilizing Excel.  
Aim 1.2 – Conduct an experiment to validate the ability to detect voltage count utilizing Excel.  
Aim 1.3 – Conduct an experiment to validate the ability to detect puff period utilizing Excel. 
Aim 2 – Calibrate the relationship between the voltage count and puff flow rate.  
Aim 2.1 – Conduct an experiment to validate the ability to detect the RIT Flow Rate Calibration – 
Full Series profile utilizing Excel in order to create a calibration coefficient value.  
Aim 2.2 – Validate the ability of the TAP to detect the RIT Flow Rate Calibration – Full Series 
profile in order to create a calibration coefficient value.  
Aim 3 – Validate the ability of the wPUM and the TAP to accurately measure Standard 
Testing Conditions in a machine controlled environment.  
Aim 3.1 – Conduct an experiment to validate the ability to detect the Federal Trade Comission 
(FTC) / International Organization of Standardization (ISO) Standard profile.   
Aim 3.2 – Conduct an experiment to validate the ability to detect the Massachusetts Department 
Public Health Standard profile.  
Aim 3.3 – Conduct an experiment to validate the ability to detect the Health Canada Intense 
Regimen Standard (HCI) profile.  
Aim 4 – Evaluate the ability of the wPUM and the TAP in a machine controlled laboratory 
environment under Condensation Testing Conditions.  
Aim 4.1 – Conduct Aim 1.1 – 1.3 tests to gather data for condensation build up in proximal tubing 
between pressure sensor and orifice plate of wPUM.  
Aim 4.2 – Conduct Aim 1.1 – 1.3 tests to gather data for condensation build up in distal tubing 
between orifice plate and pressure sensor of wPUM.  
Aim 5 – Validate the ability of the wPUM and the TAP to accurately measure puff 
topographies with actual users in a laboratory environment.   
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5 CHAPTER 5: AIM 1 – VALIDATION IN LABORATORY RIT TESTING 
CONDITIONS 
5.1 EXPERIMENTAL APPARATUS 
The experimental apparatus used in this study is identified in Figure 5.1 (below). The PES works 
exactly as described in Chapter 1.3 (above). The only addition to the system is a Voltage Source 
connected to the wPUM. In this study a R.S.R. Triple Output DC Power Supply was used. Instead 
of relying on two batteries in series to provide the necessary power to run the wPUM, a constant 
7 volts is supplied. This mitigates the chance of misrepresented data due to the lack of power from 
the batteries as they begin to deplete. In addition, steps associated with checking battery life and 
replacement are taken out of the testing procedure.  
 
Figure 5.1: PES experimental apparatus schematic. 
The experimental apparatus figure is provided in Figure 4.2 (below). This image only shows a 
front view of the PES system and therefore does not show the Evacuated Chamber on the back 




Figure 5.2: PES system set up. 
5.2 AIM 1.1 – WPUM DETECTING DECREASING PUFF DURATION UTILIZING 
EXCEL 
5.2.1 Parameters  
This study was specifically interested assessing the capability of the wPUM to detect puff duration. 
It was assessed with and without electronic cigarettes. Information about the three disposable 
electronic cigarettes is provided in Table 5.1 (below).  
Table 5.1: Electronic cigarette information used in Aim 1.1 experiment. 
Brand Type Nicotine Content Flavor Lot No. 
Blu Disposable 2.40% Cherry Crush LOT1201 
Zoom Premium E-Cig Disposable Not Reported Menthol Bold 
K142106 
K140806 















Valve   
Puff Cut Off Valve   
Voltage 
Source   
VAC 







The Decreasing Puff Duration Protocol initially started with a 10 second puff and decreased 
exponentially to 0.05 seconds in a total of 20 puffs. The 0.05 seconds was chosen as the smallest 
puff duration value due to the limitation of the PES system. Since the PES operates at 20Hz it is 
only capable of collecting one data sample every 0.05 seconds. Each puff was taken every 30 
seconds which follows standard protocols at 30mL/s. This flow rate corresponded to the average 
value observed in the previous Robinson et al. [71] study. The input file used is described in Figure 
5.3 (below).  
  
Figure 5.3: Decreasing Puff Duration Protocol puffing profile. 
5.2.2 Experimental Procedures 
The experimental procedure used in this study is referenced in sections 2.1.2 (above), 2.1.3 
(above), and 2.1.4 (above). Figure 5.4 (below) shows the specific puffing protocol used in this 




Figure 5.4: LabVIEW System Setup screen and selection options for Aim 1.1. 
5.2.3 Results 
In order to validate the capability of the Alicat and wPUM to gather the target puff durations, each 
trial was graphed against the input protocol file using Microsoft Excel. The target puff profile and 
measured Alicat data used the left y-axis in units of mL/s for flowrate while the measured wPUM 
data used the right y-axis in units of digital counts. The reported Arduino time was recorded in 
milliseconds and converted into seconds in order to plot both profiles on the same time axis. In 
order to compare how each Alicat and wPUM trial compared to the target puff profile the puffs 
from the input and trial files were shifted to the same starting point. The reason why these files did 
not always start at the same time was because of inconsistent starting time on the PES and 
inconsistent warm up time for the wPUM. Figure 5.5 (below) shows all 20 puffs for Test Aim 1.1 










Puff #1: 10.00 Seconds 
 
Puff #2: 8.00 Seconds 
 
Puff #3: 5.00 Seconds 
 
Puff #4: 4.50 Seconds 
 
Puff #5: 4.00 Seconds 
 




Puff #7: 3.00 Seconds 
 
Puff #8: 2.75 Seconds 
 
Puff #9: 2.50 Seconds 
 
Puff #10: 2.25 Seconds 
 
Puff #11: 2.00 Seconds 
 




Puff #13: 1.50 Seconds *
 
Puff #14: 1.25 Seconds *
 
Puff #15: 1.00 Seconds *
 
Puff #16: 0.80 Seconds *
 
Puff #17: 0.40 Seconds *
 




Puff #19: 0.10 Seconds *
 
Puff #20: 0.05 Seconds *
 
Notes: * - Percent Error ≥ 10% 
Figure 5.5: No E-Cig Aim 1.1 puff analysis of Input File, Alicat, and wPUM Files. PES sampling rate = 0.05s, 
Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 
The corresponding measured puff durations are reported in Table 5.2 (below). The absolute 
difference and percent error between the measured puff duration and target puff duration from the 
testing protocol are also provided.  
































10.150 0.150 1.500 9.900 0.100 1.000 
2 10.150 0.150 1.500 9.900 0.100 1.000 




8.150 0.150 1.875 7.923 0.077 0.962 
2 8.150 0.150 1.875 7.899 0.101 1.263 




5.100 0.100 2.000 4.950 0.050 1.000 
2 5.150 0.150 3.000 4.925 0.075 1.500 




4.650 0.150 3.3333 4.426 0.074 1.644 
2 4.600 0.100 2.222 4.426 0.074 1.644 






4.100 0.100 2.500 3.950 0.050 1.250 
2 4.150 0.150 3.750 3.926 0.074 1.850 




3.650 0.150 4.286 3.449 0.051 1.457 
2 3.650 0.150 4.286 3.424 0.076 2.171 




3.150 0.150 5.000 2.951 0.049 1.633 
2 3.200 0.200 6.667 2.925 0.075 2.500 




2.850 0.100 3.636 2.675 0.075 2.727 
2 2.900 0.150 5.455 2.701 0.049 1.782 




2.700 0.200 8.000 2.450 0.050 2.000 
2 2.650 0.150 6.000 2.449 0.051 2.040 




2.400 0.150 6.667 2.200 0.050 2.222 
2 2.350 0.100 4.444 2.175 0.075 3.333 




2.100 0.100 5.000 1.925 0.075 3.750 
2 2.100 0.100 5.000 1.925 0.075 3.750 




1.850 0.100 5.714 1.675 0.075 4.286 
2 1.900 0.150 8.571 1.700 0.050 2.857 




1.600 0.100 6.667 1.426 0.074 4.933 
2 1.600 0.100 6.667 1.450 0.050 3.333 




1.450 0.200 16.000* 1.176 0.074 5.920 
2 1.400 0.150 12.000* 1.200 0.050 4.000 




1.150 0.150 15.000* 0.950 0.050 5.000 
2 1.150 0.150 15.000* 0.950 0.050 5.000 




0.950 0.150 18.750* 0.749 0.051 6.375 
2 0.900 0.100 12.500* 0.750 0.050 6.250 






0.550 0.150 37.500* 0.376 0.024 6.000 
2 0.550 0.150 37.500* 0.350 0.050 12.500* 




0.350 0.150 75.000* 0.149 0.051 25.500* 
2 0.300 0.100 50.000* 0.150 0.050 25.000* 




0.250 0.150 150.000* 0.051 0.049 49.000* 
2 0.250 0.150 150.000* 0.051 0.049 49.000* 




0.150 0.100 200.000* 0.024 0.026 52.000* 
2 0.200 0.150 300.000* 0.025 0.025 50.000* 
3 0.100 0.050 100.00* 0.000 0.050 100.000* 
Notes: * - Percent Error ≥ 10% 
Figure 5.6 (below) shows all 20 puffs for Test Aim 1.1 using the Blu electronic cigarette.  
Puff #1: 10.00 Seconds 
 
Puff #2: 8.00 Seconds *
 
Puff #3: 5.00 Seconds 
 




Puff #5: 4.00 Seconds 
 
Puff #6: 3.50 Seconds 
 
Puff #7: 3.00 Seconds 
 
Puff #8: 2.75 Seconds 
 
Puff #9: 2.50 Seconds 
 




Puff #11: 2.00 Seconds 
 
Puff #12: 1.75 Seconds 
 
Puff #13: 1.50 Seconds *
 
Puff #14: 1.25 Seconds *
 
Puff #15: 1.00 Seconds *
 




Puff #17: 0.40 Seconds * 
 
Puff #18: 0.20 Seconds *
 
Puff #19: 0.10 Seconds *
 
Puff #20: 0.05 Seconds *
 
Notes: * - Percent Error ≥ 10% 
Figure 5.6: Blu E-Cig Aim 1.1 puff analysis of Input File, Alicat, and wPUM Trials. PES sampling rate = 0.05s, 
Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 
Table 5.3 (below) reports the measured puff durations, absolute difference and percent error 
between the measured and target puff durations from the testing protocol using the Blu electronic 
cigarette brand.  
































10.150 0.150 1.500 10.025 0.025 0.250 
2 10.100 0.100 1.000 9.900 0.100 1.000 
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8.150 0.150 1.875 8.876 0.876 10.950* 
2 8.150 0.150 1.875 7.899 0.101 1.263 




5.150 0.150 3.000 4.925 0.075 1.500 
2 5.150 0.150 3.000 4.950 0.050 1.000 




4.650 0.150 3.333 4.526 0.026 0.578 
2 4.650 0.150 3.333 5.524 1.024 22.756* 




4.150 0.150 3.750 3.950 0.050 1.250 
2 4.200 0.200 5.000 3.951 0.049 1.225 




3.650 0.150 4.286 3.451 0.049 1.400 
2 3.650 0.150 4.286 3.474 0.026 0.743 




3.150 0.150 5.000 2.976 0.024 0.800 
2 3.100 0.100 3.333 2.976 0.024 0.800 




2.900 0.150 5.455 2.699 0.051 1.855 
2 2.850 0.100 3.636 2.701 0.049 1.782 




2.650 0.150 6.000 2.474 0.026 1.040 
2 2.650 0.150 6.000 2.451 0.049 1.960 




2.400 0.150 6.667 2.199 0.051 2.267 
2 2.400 0.150 6.667 2.201 0.049 2.178 




2.150 0.150 7.500 1.949 0.051 2.550 
2 2.150 0.150 7.500 1.976 0.024 1.200 




1.900 0.150 8.571 1.726 0.024 1.371 
2 1.900 0.150 8.571 1.701 0.049 2.800 




1.650 0.150 10.000* 1.650 0.150 10.000* 
2 1.650 0.150 10.000* 1.475 0.025 1.667 
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1.350 0.100 8.000 1.224 0.026 2.080 
2 1.400 0.150 12.000* 1.225 0.025 2.000 




1.100 0.100 10.000* 1.000 0.000 0.000 
2 1.150 0.150 15.000* 0.974 0.026 2.600 




0.950 0.150 18.750* 0.776 0.024 3.000 
2 1.000 0.200 25.000* 0.799 0.001 0.125 




0.600 0.200 50.000* 0.374 0.026 6.500 
2 0.550 0.150 37.500* 0.400 0.000 0.000 




0.350 0.150 75.000* 0.176 0.024 12.000* 
2 0.350 0.150 75.000* 0.198 0.002 1.000 




0.200 0.100 100.000* 0.101 0.001 1.000 
2 0.250 0.150 150.000* 0.100 0.000 0.000 




0.200 0.150 300.000* 0.027 0.023 46.000* 
2 0.100 0.050 100.000* 0.026 0.024 48.000* 
3 0.150 0.150 200.000* 0.049 0.001 2.000 
Notes: * - Percent Error ≥ 10% 
Figure 5.7 (below) shows the puffs that correspond to the Zoom electronic cigarette testing trials. 
These puffing profiles qualitatively differ from the Blu electronic cigarette testing in regards to the 
amount of noise captured. The output signals produced from Zoom seem steadier.  
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Puff #1: 10.00 Seconds 
 
Puff #2: 8.00 Seconds *
 
Puff #3: 5.00 Seconds 
 
Puff #4: 4.50 Seconds 
 
Puff #5: 4.00 Seconds 
 




Puff #7: 3.00 Seconds 
 
Puff #8: 2.75 Seconds 
 
Puff #9: 2.50 Seconds 
 
Puff #10: 2.25 Seconds 
 
Puff #11: 2.00 Seconds *
 




Puff #13: 1.50 Seconds *
 
Puff #14: 1.25 Seconds *
 
Puff #15: 1.00 Seconds *
 
Puff #16: 0.80 Seconds *
 
Puff #17: 0.40 Seconds * 
 




Puff #19: 0.10 Seconds *
 
Puff #20: 0.05 Seconds *
 
Notes: * - Percent Error ≥ 10% 
Figure 5.7: Zoom E-Cig Aim 1.1 puff analysis of Input File, Alicat and wPUM Trials. PES sampling rate = 0.05s, 
Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 
The corresponding measured puff durations for the Zoom electronic cigarette are reported in Table 
5.4 (below). 
































10.150 0.150 1.500 10.051 0.051 0.510 
2 10.150 0.150 1.500 9.900 0.100 1.000 




8.150 0.150 1.875 11.198 3.198 39.975* 
2 8.100 0.100 1.250 7.899 0.101 1.263 




5.150 0.150 3.000 4.926 0.074 1.480 
2 5.150 0.150 3.000 4.926 0.074 1.480 




4.600 0.100 2.222 4.425 0.075 1.667 
2 4.650 0.150 3.333 4.401 0.099 2.200 
3 4.650 0.150 3.333 4.451 0.049 1.089 
5 1 4.000 4.100 0.100 2.500 3.975 0.025 0.625 
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2 4.150 0.150 3.750 3.924 0.076 1.900 




3.700 0.200 5.714 3.425 0.075 2.143 
2 3.650 0.150 4.286 3.426 0.074 2.114 




3.150 0.150 5.000 2.949 0.051 1.700 
2 3.150 0.150 5.000 2.925 0.075 2.500 




2.900 0.150 5.455 2.675 0.075 2.727 
2 2.900 0.150 5.455 2.699 0.051 1.855 




2.650 0.150 6.000 2.449 0.051 2.040 
2 2.650 0.150 6.000 2.450 0.050 2.000 




2.400 0.150 6.667 2.175 0.075 3.333 
2 2.400 0.150 6.667 2.175 0.075 3.333 




2.200 0.200 10.000* 1.925 0.075 3.750 
2 2.150 0.150 7.500 1.950 0.050 2.500 




1.900 0.150 8.571 1.700 0.050 2.857 
2 1.900 0.150 8.571 1.700 0.050 2.857 




1.650 0.150 10.000* 1.425 0.075 5.000 
2 1.650 0.150 10.000* 1.449 0.051 3.400 




1.450 0.200 16.000* 1.200 0.050 4.000 
2 1.350 0.100 8.000 1.225 0.025 2.000 




1.150 0.150 15.000* 0.950 0.050 5.000 
2 1.100 0.100 10.000* 0.950 0.050 5.000 




1.000 0.200 25.000* 0.750 0.050 6.250 
2 0.950 0.150 18.750* 0.750 0.050 6.250 
3 1.000 0.200 25.000* 0.774 0.026 3.250 
17 1 0.400 0.550 0.150 37.500* 0.351 0.049 12.250* 
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2 0.550 0.150 37.500* 0.350 0.050 12.500* 




0.350 0.150 75.000* 0.176 0.024 12.000* 
2 0.350 0.150 75.000* 0.150 0.050 25.000* 




0.250 0.150 150.000* 0.074 0.026 26.000* 
2 0.250 0.150 150.000* 0.101 0.001 1.000 




0.150 0.100 200.000* 0.000 0.050 100.000* 
2 0.150 0.100 200.000* 0.025 0.025 50.000* 
3 0.150 0.100 200.000* 0.026 0.024 48.000* 
Notes: * - Percent Error ≥ 10% 
The NJoy electronic cigarette puffs resemble closely to the Zoom electronic cigarette puffs and 
are identified in Figure 5.8 (below). Both signals are more steady compared to the Blu electronic 
cigarette. 
Puff #1: 10.00 Seconds 
 




Puff #3: 5.00 Seconds 
 
Puff #4: 4.50 Seconds 
 
Puff #5: 4.00 Seconds 
 
Puff #6: 3.50 Seconds 
 
Puff #7: 3.00 Seconds 
 




Puff #9: 2.50 Seconds 
 
Puff #10: 2.25 Seconds 
 
Puff #11: 2.00 Seconds 
 
Puff #12: 1.75 Seconds 
 
Puff #13: 1.50 Seconds *
 




Puff #15: 1.00 Seconds *
 
Puff #16: 0.80 Seconds *
 
Puff #17: 0.40 Seconds * 
 
Puff #18: 0.20 Seconds *
 
Puff #19: 0.10 Seconds *
 
Puff #20: 0.05 Seconds *
 
Notes: * - Percent Error ≥ 10% 
Figure 5.8: Figure 4.12: NJoy E-Cig Aim 1.1 puff analysis of Input File, Alicat, and wPUM Trials. PES sampling 
rate = 0.05s, Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 
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The NJoy electronic cigarette measured puff durations, absolute difference values, and percent 
error values are reported in Table 5.5 (below).  
































10.150 0.150 1.500 9.925 0.075 0.750 
2 10.150 0.150 1.500 9.875 0.125 1.250 




8.150 0.150 1.875 7.926 0.074 0.925 
2 8.100 0.100 1.250 7.924 0.076 0.950 




5.150 0.150 3.000 4.924 0.076 1.520 
2 5.150 0.150 3.000 4.925 0.075 1.500 




4.650 0.150 3.333 4.424 0.076 1.689 
2 4.650 0.150 3.333 4.450 0.050 1.111 




4.150 0.150 3.750 3.951 0.049 1.225 
2 4.150 0.150 3.750 3.951 0.049 1.225 




3.650 0.150 4.286 3.425 0.075 2.143 
2 3.650 0.150 4.286 3.449 0.051 1.457 




3.150 0.150 5.000 2.951 0.049 1.633 
2 3.150 0.150 5.000 2.951 0.049 1.633 




2.900 0.150 5.455 2.701 0.049 1.782 
2 2.900 0.150 5.455 2.701 0.049 1.782 




2.650 0.150 6.000 2.449 0.051 2.040 
2 2.650 0.150 6.000 2.451 0.049 1.960 






2.400 0.150 6.667 2.200 0.050 2.222 
2 2.400 0.150 6.667 2.201 0.049 2.178 




2.150 0.150 7.500 1.950 0.050 2.500 
2 2.150 0.150 7.500 1.949 0.051 2.550 




1.900 0.150 8.571 1.700 0.050 2.857 
2 1.900 0.150 8.571 1.700 0.050 2.857 




1.700 0.200 13.333* 1.450 0.050 3.333 
2 1.650 0.150 10.000* 1.452 0.048 3.200 




1.350 0.100 8.000 1.200 0.050 4.000 
2 1.350 0.100 8.000 1.226 0.024 1.920 




1.150 0.150 15.000* 0.950 0.050 5.000 
2 1.100 0.100 10.000* 0.951 0.049 4.900 




0.900 0.100 12.500* 0.750 0.050 6.250 
2 0.950 0.150 18.750* 0.776 0.024 3.000 




0.550 0.150 37.500* 0.375 0.025 6.250 
2 0.550 0.150 37.500* 0.375 0.025 6.250 




0.350 0.150 75.000* 0.174 0.026 13.000* 
2 0.350 0.150 75.000* 0.150 0.050 25.000* 




0.250 0.150 150.000* 0.076 0.024 24.000* 
2 0.250 0.150 150.000* 0.076 0.024 24.000* 




0.150 0.100 200.000* 0.000 0.050 100.000* 
2 0.150 0.100 200.000* 0.026 0.024 48.000* 
3 0.150 0.100 200.000* 0.024 0.026 52.000* 
Notes: * - Percent Error ≥ 10% 
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5.2.4 Discussion of Results 
The data measured from the wPUM with and without electronic cigarettes presented in Figures 5.5 
(above), 5.6 (above), 5.7 (above), and 5.8 (above) are consistent and expected responses. The data 
was plotted as straight lines in order to mitigate smoothing effects associated with other plotting 
features. In an effort to determine whether the measured responses from the wPUM were accurate, 
the Nyquist limit was used. The Nyquist limit gives a theoretical limit to what rate can be sampled 
in a signal at a certain frequency. This absolute minimum is two samples per period. This minimum 
is theoretical and will not be achieved. In our case the PES minimum sample rate is one value 
every 0.05 seconds, the Alicat Flow Meter is one value every 0.01 seconds, and the wPUM samples 
one value every 0.025 seconds. In the 0.05 second puff duration plots we see three different 
amplitudes from the signals associated with the wPUM. This is expected because we are at the 
Nyquist limit for the wPUM and cannot reproduce the signal. In the 0.1 second puff duration plots 
four samples per period are expected. This can theoretically be achieved and is twice the Nyquist 
limit. However, the conditions would have to have minimal to no noise, low instrument error and 
be conducted in a highly controlled lab environment. Hence, the reason why data measured in the 
plots associated with 0.2 seconds, 8 samples per period, is a practical rule of thumb when 
implementing the Nyquist sampling rate in the presence of noisy data. This affirms that the 
responses measured are consistent and expected.  
The histograms identified in Figure 5.9 (below) and Figure 5.10 (below) were created to identify 
the number of occurrences at specific values in order to better understand the absolute difference 





Figure 5.9: Histogram of Aim 1.1 Alicat Absolute Time Error (s). 
The measured Alicat and wPUM puff durations were determined by subtracting the recorded raw 
data time at the end of a puff to the start of a puff. This method has its limitations due to the 
sampling rate each instrument can record data. The bins selected in Figure 5.9 (above) increment 
every 0.05 seconds which is reflective of the sampling rate for the PES. It can be observed that the 
times where the majority of error occurs are at an Absolute Time Error = 0.15 seconds with 168 
occurrences, which represents 70% of the data set. Absolute Time Error = 0.05 seconds has 2 
occurrences, Absolute Time Error = 0.1 seconds has 47 occurrences and there are 23 occurrences 
at Absolute Time Error = 0.2 seconds. This 0.15 second difference is observed in Figures 5.5 
(above), 5.6 (above), 5.7 (above), and 5.8 (above). The Alicat responses exponentially decrease at 
the end of a puff slower than the square Input File for the PES. This difference most likely occurs 
due to the nature of the system trying to move stationary air under specific flow conditions. This 
error difference does not deviate tremendously and is consistent amongst all testing conditions and 




Figure 5.10: Histogram of Aim 1.1 wPUM Absolute Time Error (s). 
The bins in Figure 5.10 (above) are all the absolute time errors that were calculated for the wPUM. 
The bin with the largest amount of occurrences, 56, is at Absolute Time Error = 0.05 seconds. This 
value is reflective of the theoretical Nyquist limit for the wPUM. The majority of the data, 98.75%, 
occurs at an Absolute Time Error ≤ 0.2 seconds which is the wPUM’s practical Nyquist limit.  
The histograms of the Percent Time Error for the Alicat and wPUM are identified in Figure 5.11 
(below) and Figure 5.12 (below). The bins for each of the figures initially ranges 0.05% until 
Percent Time Error = 5% where the range changes to 1% increments and eventually change again 
at Percent Time Error = 10% where the rest of the ranges are 10% increments. These bins were 
selected arbitrarily and stay consistent throughout the chapter.  
 
Figure 5.11: Histogram of Aim 1.1 Alicat Percent Time Error (%). 
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The highest number of occurrences, 38, for Figure 5.11 (above) occurs at 10 ≤ Percent Time Error 
(%) ≤ 20. This figure does not have an identifiable pattern where Percent Time Error occurrences 
happen the most. However, Figure 5.12 (below) does show a specific area where the most number 
of occurrences happen for the wPUM. This range occurs where Percent Time Error ≤ 7% which 
accounts for 84.16%. The largest subcategory in that range has 44 occurrences at 1 ≤ Percent Time 
Error (%) ≤ 1.5. 
 
Figure 5.12: Histogram of Aim 1.1 wPUM Percent Time Error (%). 
In an effort to further investigate the percent error a plot showing the number of occurrences for 
given puff durations above 10% is shown for both the Alicat and wPUM in Figure 5.13 (below) 




Figure 5.13: Plot of Number of Occurrences for Alicat at Percent Error ≥ 10% for Aim 1.1. 
There was a total of 90 instances that a Percent Time Error ≥ 10% occurred for the Alicat shown 
in Figure 5.13 (above). Of those, 72 occurred for Puff Durations ≥ 1 second which corresponds to 
80%. The largest puff duration experiencing a Percent Time Error ≥ 10% was equal to 2 seconds. 
The number of occurrences was not dependent on a specific brand. Each testing condition 
contributed almost exactly the same number of occurrences. The No E-Cig condition had 21 
occurrences, Blu E-Cig had 23, Zoom E-Cig had 24 and the Njoy E-Cig had 22. The number of 
instances above or equal to 10% for the Percent Time Error was dramatically lower for the wPUM 
identified in Figure 4.18 (below). There were only 38 instances in total with 34 occurring for Puff 
Durations lower than 0.5 seconds which corresponds to 89.47%. The number of occurrences in 
this case were also not dependent on specific brand or testing condition. The No Ecig condition 
had 11 occurrences, Blu E-Cig had 7, Zoom E-Cig had 11 and the Njoy E-Cig had 9. Three of the 





Figure 5.14: Plot of Number of Occurrences for wPUM at Percent Error ≥ 10% for Aim 1.1. 
There were four puffs that were identified with an asterisks in Figure 5.6 (above) and Figure 5.7 
(above) that the wPUM measured longer puff durations compared to its corresponding Alicat 
measured puff duration. These four instances were most likely caused due to the LabVIEW 
program temporarily freezing and then continuing the puffing regimen. This temporary distraction 
for the program can be caused due to Windows updates in the background of the computer. Further 
investigation of what is causing the LabVIEW program to freeze is recommended.  
In all the measured signals associated with the wPUM, it can be observed that there is an overshoot 
and undershoot. This is an occurrence of the signal exceeding, overshoot, or not meeting, 
undershoot, the target value. There are two explanations why this phenomena is occurring: 1) from 
a signal processing perspective and 2) what is physically happening to the system. From a digital 
processing perspective overshoot represents a distortion of the signal. In our case, it is the peak 
observed at the initiation of each puff. It is often associated with settling time, which is how long 
it takes for the signal to output the steady state target value. This phenomena usually arises in step 
response systems. Since our system has a specific sampling rate it should be expected that some 
overshoot and undershoot occurs. From a physical perspective the reason why overshoot can occur 
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in our system is because the system is trying to move what was stationary air to now moving air 
flow in a designated puff duration. This overshoot response becomes over exaggerated as the target 
puff durations become smaller. However, after closely examining each puff for each electronic 
cigarette the overshoot and undershoot phenomena is occurring between 0.15 ± 0.03 seconds for 
all trials in the data set. This affirms that is a consistent response. Instead of utilizing a square wave 
function to drive the PES puffing regimen, it is recommended utilizing a sinusoidal wave form. 
This will allow the system to ramp up and ramp down more gradually so that the pump in the PES 
will not experience such dramatic changes in desired flow rate.  
The last qualitative difference observed in the data set was the measured noise in the graphs 
produced between all the testing conditions. The No E-Cig condition produced the least amount 
of noise associated at any given flow rate. Of the three brands Blu produced more noise compared 
to Zoom or NJoy. Blu measured more noise in every puff duration between 0.08 seconds to 10 
seconds compared to the other two brands. Since the three brands reported different noise using 
the same wPUM device the noise reported is associated with the Blu electronic cigarette. Noise is 
a random fluctuation of the electronic signal which occurs in all electronics. It is produced due to 
various effects. Thermal noise can be one noise type that is affecting the electronic cigarette. Due 
to the limited data collected no conclusion can be determined what is causing this noise. Further 
investigation may need to take place in order to understand the differences between the electronic 
cigarettes. This will take place in Aim 1.2 (below) where the reported amplitude of the puff will 
be validated.  
5.2.5 Conclusions 
This aim was interested validating the ability of the wPUM to capture decreasing puff duration in 
order to determine a range of puff duration detection. From the results produced a minimum puff 
duration of 0.40 ± 0.05 seconds can be obtained with minimal error when the PES is the primary 
instrument puffing the electronic cigarette. There is no limitation to a maximum puff duration 
value for the wPUM.  
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5.3 AIM 1.2 – WPUM DETECTING INCREASING PUFF FLOW RATE UTILIZING 
EXCEL 
5.3.1 Parameters 
This study was interested assessing the capability of the wPUM to detect varying flow rate. The 
same no electronic cigarette condition and three disposable electronic cigarettes mentioned in 
Table 5.1 (above) were tested. The Increasing Puff Flow Rate Protocol initially started at a 1mL/s 
puff and increased to 100mL/s in a total of 20 puffs. The lower and upper limits were chosen to 
test the limitation of the PES system. Each puff was taken every 30 seconds which follows standard 
protocols for 5 second puff durations. The 5 second long duration was chosen as a higher limit 
puff duration value from the puffs reported in Chapter 3 (above). The input file described is 
identified in Figure 5.15 (below).  
 
Figure 5.15: Increasing Puff Flow Rate Protocol puffing profile. 
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5.3.2 Experimental Procedures 
The experimental procedure used in this study is referenced in sections 2.1.2 (above), 2.1.3 
(above), and 2.1.4 (above). Figure 5.16 (below) shows the specific puffing protocol used in this 
specific study.  
 
Figure 5.16: LabVIEW System Setup screen and selection options for Aim 1.2. 
5.3.3 Results 
The validation process for Aim 1.2 resembles the same process in Chapter 5.2.3 Aim 1.1 (above). 
The target puff flow rates for each trial of the Alicat and wPUM were graphed against the input 
protocol file using Microsoft Excel. The target puff profile and measured Alicat data used the same 
left y-axis in units of mL/s for flowrate while the measured wPUM data used the right y-axis in 
units of digital counts. The plots used the same time axis after converting the measured Arduino 
time into seconds. In order to compare how each Alicat and wPUM trial compared to the target 
puff profile the puffs from the input and trial files were shifted to the same starting point. These 
files did not always start at the same time due to inconsistent starting time on the PES and 
inconsistent warm up time for the wPUM. Figure 5.17 (below) shows all 20 puffs for Test Aim 










Puff #1: 1mL/s *
 
Puff #2: 2mL/s 
 






































Puff #19: 90mL/s *
 
Puff #20: 100mL/s *
 
Notes:  * - Percent Error ≥ 10% 
Figure 5.17: No E-Cig Aim 1.2 puff analysis of Input File, Alicat, and wPUM Files. PES sampling rate = 0.05s, 
Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 
The corresponding measured puff flow rates are reported in Table 5.6 (below). The standard 
deviation and coefficient of variance reported in percent are identified for both the Alicat and 
wPUM data. The Alicat data additionally shows the absolute difference and percent error between 
the measured puff flow rate and target puff flow rate from the testing protocol.  


































0.493 0.445 90.180 0.507 50.694* 514.225 0.442 0.086 
2 55.501 23.822 42.923 54.501 5450.056* 638.120 87.715 13.746 




2.047 0.511 24.978 0.047 2.350 515.942 0.549 0.106 
2 2.051 0.368 17.938 0.051 2.564 516.150 0.549 0.106 




3.957 0.485 12.263 0.043 1.085 517.399 0.636 0.123 
2 4.003 0.429 10.711 0.003 0.087 517.192 0.619 0.120 
3 3.973 0.407 10.239 0.027 0.687 517.497 0.614 0.119 
4 1 8.000 7.777 0.939 12.069 0.223 2.790 520.032 0.674 0.130 
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2 7.743 0.942 12.172 0.257 3.215 520.179 0.582 0.112 




9.752 1.006 10.317 0.248 2.480 522.031 1.062 0.204 
2 9.689 1.338 13.806 0.311 3.114 522.438 0.941 0.180 




11.651 1.318 11.312 0.349 2.908 524.165 1.189 0.227 
2 11.499 1.783 15.505 0.501 4.171 524.503 1.408 0.268 




13.453 1.948 14.478 0.547 3.908 526.777 1.321 0.251 
2 13.536 1.600 11.817 0.464 3.311 526.812 1.083 0.206 




15.613 1.660 10.633 0.387 2.418 529.439 3.394 0.641 
2 15.446 2.101 13.599 0.554 3.461 529.495 3.883 0.733 




16.416 0.758 4.212 0.758 4.212 532.320 4.176 0.785 
2 15.470 0.755 4.192 0.755 4.192 532.500 3.689 0.693 




14.978 0.710 3.549 0.710 3.549 536.444 8.328 1.552 
2 14.326 0.769 3.843 0.769 3.843 535.414 4.480 0.837 




24.190 3.113 12.871 0.810 3.240 544.667 6.776 1.244 
2 24.159 3.215 13.308 0.841 3.364 544.734 6.973 1.280 




29.118 4.210 14.460 0.882 2.940 557.152 16.392 2.942 
2 28.858 4.783 16.574 1.142 3.806 557.217 6.973 1.280 




33.717 5.478 16.246 1.283 3.665 569.794 12.623 2.215 
2 33.771 5.256 15.565 1.229 3.513 557.217 13.074 2.346 




38.678 6.503 16.814 1.322 3.305 584.782 14.330 2.450 
2 38.324 7.416 19.350 1.676 4.190 569.652 12.164 2.135 




43.633 7.415 16.995 1.367 3.037 601.525 13.639 2.267 
2 43.544 7.117 16.344 1.456 3.235 602.106 14.001 2.325 
3 43.171 8.166 18.915 1.829 4.064 600.684 13.642 2.271 
16 1 50.000 48.341 8.303 17.176 1.659 3.319 620.355 15.954 2.572 
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2 48.326 8.318 17.213 1.674 3.348 621.015 13.914 2.240 




57.224 10.900 19.049 2.776 4.267 662.323 12.307 1.817 
2 57.652 10.072 17.471 2.348 3.914 662.758 14.498 2.188 




68.600 13.566 19.776 6.400 8.534 724.426 7.806 1.078 
2 66.040 14.744 22.326 8.960 11.947* 715.248 4.304 0.602 




67.251 14.736 21.912 22.749 25.277* 720.062 13.137 1.824 
2 68.139 15.867 23.286 21.861 24.290* 729.685 12.167 1.667 




69.131 13.957 20.189 30.869 30.869* 729.343 12.100 1.659 
2 68.507 11.531 16.832 31.493 31.493* 720.574 13.074 1.814 
3 68.058 13.825 20.313 31.942 31.942* 723.030 11.955 1.653 
Notes:  * - Percent Error ≥ 10% 
SD – Standard Deviation 
COV – Coefficient of Variance 
 
Figure 5.18 (below) shows all 20 puffs for Test Aim 1.2 using the Blu electronic cigarette.  
Puff #1: 1mL/s *
 




































Puff #17: 60mL/s *
 
Puff #18: 75mL/s *
 
Puff #19: 90mL/s *
 
Puff #20: 100mL/s *
 
Notes:  * - Percent Error ≥ 10% 
Figure 5.18: Blu E-Cig Aim 1.2 puff analysis of Input File, Alicat, and wPUM Files. PES sampling rate = 0.05s, 
Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 
Table 5.7 (below) reports the measured puff flow rates, standard deviation and coefficient of 
variance between the measured and target puff flow rates from the testing protocol using the Blu 
120 
 
electronic cigarette brand. The table also includes the absolute difference and percent error 
between the Alicat and target testing protocol.  


































0.695 0.555 79.831 0.305 30.540* 514.210 0.432 0.084 
2 45.643 8.642 18.934 44.643 4464.323* 621.453 20.522 3.302 




2.078 0.568 27.314 0.078 3.918 516.087 0.643 0.125 
2 45.160 13.429 29.736 43.160 2157.983* 616.692 39.416 6.392 




4.014 0.559 13.934 0.014 0.340 517.494 0.868 0.168 
2 3.969 0.412 10.386 0.031 0.767 517.430 0.734 0.142 




7.758 1.039 13.396 0.242 3.023 520.778 1.306 0.251 
2 7.779 0.974 12.526 0.221 2.760 520.753 1.006 0.193 




9.734 1.091 11.213 0.266 2.663 522.723 1.549 0.296 
2 9.800 1.085 11.074 0.200 2.000 522.876 1.562 0.299 




11.538 1.583 13.273 0.462 3.851 525.015 2.214 0.422 
2 11.505 1.876 16.307 0.495 4.121 525.462 2.465 0.469 




13.577 1.806 13.302 0.423 3.022 527.813 3.804 0.721 
2 13.586 1.567 11.535 0.414 2.960 527.791 2.716 0.515 




15.552 2.041 13.125 0.448 2.802 530.374 4.697 0.886 
2 15.593 1.545 9.909 0.407 2.542 530.939 3.569 0.672 




17.397 2.929 16.835 0.603 3.352 534.361 8.098 1.515 
2 17.454 2.239 12.827 0.546 3.034 533.884 4.219 0.790 
3 17.447 2.290 13.125 0.553 3.070 532.556 4.466 0.839 
10 1 20.000 19.345 3.003 15.524 0.655 3.273 537.960 6.861 1.275 
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2 19.426 2.428 12.498 0.574 2.868 537.409 6.249 1.163 




24.054 3.820 15.881 0.946 3.783 547.505 8.787 1.605 
2 23.941 4.002 16.717 1.059 4.238 548.271 8.943 1.631 




29.064 4.781 16.449 0.936 3.121 560.598 11.731 2.093 
2 28.879 4.002 16.717 1.121 3.738 560.045 9.700 1.732 




33.605 6.029 17.940 1.395 3.984 574.695 14.979 2.607 
2 33.773 5.643 16.710 1.227 3.507 576.030 11.791 2.047 




38.476 7.043 18.306 1.524 3.810 591.857 15.376 2.598 
2 38.181 7.434 19.469 1.819 4.548 592.430 15.138 2.555 




43.368 7.957 18.348 1.632 3.626 611.836 19.148 3.130 
2 42.873 7.170 16.723 2.127 4.726 607.760 16.631 2.736 




48.608 7.837 16.122 1.392 2.783 638.635 23.027 3.606 
2 46.001 8.616 18.731 3.999 7.998 622.692 20.134 3.233 




57.385 10.741 18.718 2.615 4.358 689.322 32.392 4.699 
2 47.083 9.339 19.835 12.917 21.528* 628.060 21.179 3.372 




60.079 13.022 21.676 14.921 19.895* 714.109 36.321 5.086 
2 46.730 9.321 19.945 28.270 37.693* 626.299 20.733 3.310 




56.925 12.090 21.239 33.075 36.750* 691.239 30.627 4.431 
2 47.577 8.173 17.179 42.423 47.137* 628.710 19.900 3.165 




54.574 10.412 19.079 45.426 45.426* 671.015 27.643 4.120 
2 47.050 9.067 19.271 52.950 52.950* 628.885 20.011 3.182 
3 48.935 9.774 19.973 51.065 51.065* 617.455 17.882 2.896 
Notes:  * - Percent Error ≥ 10% 
SD – Standard Deviation 
COV – Coefficient of Variance 
 
Figure 5.19 (below) shows the puffs that correspond to the Zoom electronic cigarette testing trials. 
These puffing profiles qualitatively differ from the Blu electronic cigarette. The amount of noise 
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associated with Blu is more than the associated noise with Zoom. These findings are consistent 
with the same observations made from Aim 1.1. 
Puff #1: 1mL/s *
 
Puff #2: 2mL/s *
 




Puff #5: 10mL/s 
 


























Puff #17: 60mL/s *
 




Puff #19: 90mL/s *
 
Puff #20: 100mL/s *
 
Notes:  * - Percent Error ≥ 10% 
Figure 5.19: Zoom E-Cig Aim 1.2 puff analysis of Input File, Alicat, and wPUM Files. PES sampling rate = 0.05s, 
Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 
The corresponding measured puff flow rates for the Zoom electronic cigarette are reported in Table 
5.8 (below). 


































42.696 20.364 47.696 41.696 4169.624* 620.143 47.973 7.736 
2 46.665 9.160 19.629 45.665 4566.454* 621.559 15.828 2.546 




2.078 0.502 24.172 0.078 3.912 515.969 1.617 0.313 
2 49.414 9.914 20.064 47.414 2370.704* 635.756 15.931 2.506 




3.961 0.488 12.309 0.039 0.981 517.332 1.438 0.278 
2 19.879 22.030 110.820 15.879 396.978* 556.493 56.617 10.174 




7.766 0.987 12.709 0.234 2.931 520.346 1.117 0.215 
2 7.906 0.679 8.586 0.094 1.180 520.516 1.135 0.218 




9.754 1.003 10.282 0.246 2.457 522.381 1.299 0.249 
2 9.759 1.037 10.623 0.241 2.411 533.518 1.774 0.332 
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11.690 1.275 10.906 0.310 2.583 524.749 1.374 0.262 
2 11.657 1.413 12.124 0.343 2.860 524.641 2.128 0.406 




13.592 1.617 11.898 0.408 2.916 527.408 2.234 0.424 
2 13.584 1.686 12.414 0.416 2.975 527.735 2.251 0.427 




15.448 2.199 14.236 0.552 3.452 530.315 3.117 0.588 
2 15.541 1.682 10.825 0.459 2.869 529.980 3.645 0.683 




17.425 2.314 13.280 0.575 3.197 533.424 4.517 0.847 
2 17.471 2.280 13.053 0.529 2.940 533.905 3.645 0.683 




19.483 2.533 13.000 0.517 2.587 537.588 6.052 1.126 
2 19.443 2.453 12.614 0.557 2.787 537.508 4.519 0.841 




24.192 3.430 14.180 0.808 3.234 546.995 6.308 1.153 
2 24.026 3.917 16.305 0.974 3.898 547.317 5.561 1.016 




28.868 4.617 15.992 1.132 3.773 558.720 6.032 1.080 
2 28.818 4.826 16.746 1.182 3.939 559.030 5.089 1.166 




33.791 5.589 16.541 1.209 3.454 572.592 9.653 1.686 
2 33.760 5.714 16.926 1.240 3.544 573.578 6.687 1.166 




38.990 6.219 15.950 1.010 2.525 589.874 10.413 1.765 
2 38.531 6.619 17.178 1.469 3.672 590.181 6.193 1.049 




43.447 7.945 18.286 1.553 3.451 608.859 10.380 1.705 
2 42.773 8.213 19.202 2.227 4.949 608.005 9.998 1.644 




47.737 8.097 16.962 2.263 4.526 625.895 13.010 2.079 
2 46.020 10.030 21.796 3.980 7.960 622.585 12.676 2.036 




52.067 10.222 19.632 7.933 13.222* 649.205 15.566 2.398 
2 49.711 8.673 17.446 10.289 17.148* 635.149 17.590 2.769 
3 49.772 11.098 22.297 10.228 17.046* 621.850 12.410 1.996 
18 1 75.000 49.368 8.770 17.764 25.632 34.176* 632.397 16.258 2.571 
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2 48.980 9.388 19.618 26.020 34.694* 633.915 15.289 2.412 




51.254 10.190 19.881 38.746 43.051* 645.568 13.594 2.106 
2 49.033 9.550 19.476 40.967 45.519* 634.159 14.965 2.360 




51.290 8.557 16.684 48.710 48.710* 641.900 15.331 2.388 
2 49.105 9.538 19.424 50.896 50.896* 634.090 15.557 2.453 
3 49.377 11.644 23.582 50.623 50.623* 622.643 9.423 1.513 
Notes:  * - Percent Error ≥ 10% 
SD – Standard Deviation 
COV – Coefficient of Variance 
 
The NJoy electronic cigarette puffs resemble closely to the Zoom electronic cigarette puffs and 
are consistent with the same qualitative observations made in Aim 1.1. Figure 5.20 (below) shows 
all the signals.  
Puff #1: 1mL/s *
 
Puff #2: 2mL/s *
 






Puff #5: 10mL/s 
 


























Puff #17: 60mL/s *
 
Puff #18: 75mL/s *
 
Puff #19: 90mL/s *
 
Puff #20: 100mL/s *
 
Notes:  * - Percent Error ≥ 10% 
Figure 5.20: NJoy E-Cig Aim 1.2 puff analysis of Input File, Alicat, and wPUM Files. PES sampling rate = 0.05s, 
Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 
The NJoy electronic cigarette measured puff flow rates, standard deviation values, and coefficient 
of variance in percent are reported in Table 5.9 (below). In addition the absolute difference and 
percent error between the Alicat and target protocol are provided.  































1 1 1.000 64.465 12.738 19.759 63.465 6346.546* 717.709 23.809 3.317 
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2 53.996 10.837 20.070 52.996 5299.560* 655.970 11.953 1.822 




22.602 30.229 133.745 20.602 1030.092* 580.262 100.630 17.342 
2 53.516 10.835 20.246 51.516 2575.784* 652.025 22.617 3.469 




3.954 0.543 13.733 0.046 1.160 517.055 0.512 0.099 
2 3.996 0.443 11.083 0.004 0.088 517.226 0.579 0.112 




7.773 0.817 10.507 0.227 2.833 520.170 0.753 0.145 
2 7.815 0.891 11.399 0.185 2.313 520.179 1.465 0.282 




9.764 1.051 10.763 0.236 2.358 522.321 1.644 0.315 
2 9.790 0.933 9.527 0.210 2.097 522.155 1.644 0.315 




11.671 1.479 12.674 0.329 2.739 524.283 2.606 0.497 
2 11.724 1.218 10.390 0.276 2.301 524.429 2.107 0.402 




13.642 1.432 10.498 0.358 2.559 526.980 2.333 0.443 
2 13.493 2.191 16.240 0.507 3.623 526.885 2.570 0.488 




15.692 1.907 12.154 0.309 1.928 529.995 6.204 1.171 
2 15.358 2.442 15.903 0.642 4.010 529.876 4.247 0.801 




17.489 2.413 13.795 0.511 2.840 533.347 6.365 1.193 
2 17.477 2.234 12.784 0.523 2.904 532.838 3.052 0.573 




19.359 3.109 16.059 0.641 3.205 536.995 7.882 1.468 
2 19.448 2.377 12.221 0.552 2.761 536.678 6.171 1.150 




24.241 3.639 15.012 0.759 3.037 546.930 12.733 2.328 
2 23.944 4.016 16.772 1.056 4.223 546.305 6.773 1.240 




28.890 4.763 16.487 1.110 3.699 558.290 9.666 1.731 
2 28.853 4.776 16.551 1.147 3.822 557.905 7.062 1.266 




33.776 5.543 16.413 1.224 3.497 571.806 8.944 1.564 
2 33.502 6.364 18.996 1.498 4.280 572.710 7.031 1.228 






38.708 6.204 16.027 1.292 3.230 588.225 8.299 1.411 
2 38.358 7.160 18.665 1.642 4.104 587.090 8.430 1.436 




42.853 8.450 19.718 2.147 4.770 605.577 9.921 1.638 
2 43.510 7.210 16.572 1.490 3.311 605.416 8.027 1.326 




47.406 9.133 19.265 2.594 5.189 624.310 10.121 1.621 
2 47.548 9.074 19.084 2.452 4.905 622.525 12.683 2.037 




53.641 10.369 19.331 6.419 10.698* 653.229 14.601 2.235 
2 54.224 9.719 17.923 5.776 9.626 655.700 9.803 1.495 




53.641 10.369 19.331 21.359 28.479* 654.850 14.579 2.226 
2 54.447 11.012 20.226 20.554 27.405* 657.453 13.585 2.066 




54.108 9.295 17.178 35.892 39.880* 655.403 15.927 2.430 
2 54.219 11.108 20.487 35.781 39.756* 656.619 13.602 2.071 




52.592 11.949 22.720 47.408 47.408* 653.044 15.708 2.405 
2 54.993 9.681 17.604 45.007 45.007* 657.393 14.805 2.252 
3 53.384 11.368 21.295 46.616 46.616* 647.009 13.363 2.065 
Notes:  * - Percent Error ≥ 10% 
SD – Standard Deviation 
COV – Coefficient of Variance 
 
5.3.4 Discussion of Results 
The measured Alicat and wPUM data presented in Figures 5.17 (above), 5.18 (above), 5.19 
(above), and 5.20 (above) are consistent responses amongst each other and compare closely with 
the testing protocol except at very low and very high flow rates. The data followed the same 
plotting features in Aim 1.1 by being plotted as straight lines in order to mitigate smoothing effects 
associated with other plotting features. Puff flow rates less than or equal to 4mL/s produced 
unexpected results which lead to further investigation and additional testing to try to reproduce the 
same results. A prescribed low flow rate corresponds to a small voltage. This means when the 
testing protocol inputs a small flow rate a small voltage reading should be measured from both the 
Alicat and wPUM. However, at these very low flow rates both the Alicat and wPUM reacted very 
differently by producing very high flow rates and high voltage readings. This behavior occurred 
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for all conditions and therefore eliminated the possibility that the electronic cigarette was 
potentially influencing this response.  
In order to investigate whether this response was only prone to one wPUM device another wPUM 
was tested utilizing the same testing procedures. The results produced from this test are provided 
in the Figure 5.21 (below), 5.22 (below), 5.23 (below), and 5.24 (below) for all four testing 
conditions with and without electronic cigarettes for three trials. The first figure plots the Input 
File for the PES, represented by the blue line, with the measured Alicat flow rate represented in 
orange. The plot below is the corresponding wPUM measurement of the same protocol.  









Figure 5.21: No E-Cig Aim 1.2 Increasing Puff Flow Rate Device Change puff analysis of Input File, Alicat, and 
wPUM Files. PES sampling rate = 0.05s, Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 











Figure 5.22: Blu E-Cig Aim 1.2 Increasing Puff Flow Rate Device Change puff analysis of Input File, Alicat, and 
wPUM Files. PES sampling rate = 0.05s, Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 









Figure 5.23: Zoom E-Cig Aim 1.2 Increasing Puff Flow Rate Device Change puff analysis of Input File, Alicat, and 
wPUM Files. PES sampling rate = 0.05s, Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 











Figure 5.24: NJoy E-Cig Aim 1.2 Increasing Puff Flow Rate Device Change puff analysis of Input File, Alicat, and 
wPUM Files. PES sampling rate = 0.05s, Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 
It can be observed that even changing wPUM devices still produced the same behavior at the low 
target flow rates and therefore eliminates the possibility that only one device is experiencing this 
behavior. The next test that was conducted was reversing the protocol to go from high flow rates 
to low flow rates to see if the same unexpected response occur at the low flow rates. This test was 
only conducted on the original wPUM device. Figures 5.25 (below), 5.26 (below), 5.27 (below), 
and 5.28 (below) show the results of this test. The same plot formats were utilized to show the data 
measured. 









Figure 5.25: No E-Cig Aim 1.2 Decreasing Puff Flow Rate puff analysis of Input File, Alicat, and wPUM Files. PES 
sampling rate = 0.05s, Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 











Figure 5.26: Blu E-Cig Aim 1.2 Decreasing Puff Flow Rate puff analysis of Input File, Alicat, and wPUM Files. 
PES sampling rate = 0.05s, Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 









Figure 5.27: Zoom E-Cig Aim 1.2 Decreasing Puff Flow Rate puff analysis of Input File, Alicat, and wPUM Files. 
PES sampling rate = 0.05s, Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 











Figure 5.28: NJoy E-Cig Aim 1.2 Decreasing Puff Flow Rate puff analysis of Input File, Alicat, and wPUM Files. 
PES sampling rate = 0.05s, Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 
It can be observed that the data measured when running a decreasing puff flow rate protocol caused 
unexpected responses from both the Alicat and wPUM. The most drastic cases occurred in the 
wPUM signals utilizing electronic cigarettes. There were cases of undershoot at the beginning of 
puffs and overshoot at the end of puffs as well as negative puffs occurring in the middle of a 
puffing session in some trials. Further investigation to determine why the PES is incapable of 
running a decreasing puff flow rate protocol effectively like the one utilized in this test is 
recommended. In addition reversing the puff flow rate protocol did not reproduce the same 
unexpected responses at the low flow rates and therefore, further investigation of why the PES 
causes these responses to both the Alicat and wPUM at low flow rates is necessary for future 
testing. 
 The measured Alicat and wPUM puff flow rate values were determined by taking the average 
value over the whole duration of the puff from start to finish. The standard deviation was also 
calculated utilizing the same range. The Alicat data was measured in flow rate and therefore, an 
absolute difference and percent error were calculated. In Figure 5.29 (below) the measured puff 
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flow rate data was plotted against the desired puff flow rate data for each testing condition and 
trial for the Alicat.  
 
Figure 5.29: Measured Puff Flow Rate (mL/s) vs. Desired Puff Flow Rate (mL/s) for Alicat plot. No E-Cig 
conditions are labeled in purple, Blu E-Cig is labeled in blue, Zoom E-Cig is labeled in red, and NJoy E-Cig is 
labeled in green.  
It can be observed that there is a linear relationship between the measured and desired puff flow 
rates. This linear relationship changes however in some particular points on the plot. The first 
location that data starts to become unreliable is below 8mL/s. This is due to the previously 
identified unrealistic data produced for both the Alicat and wPUM at low target flow rates. The 
second location is at approximately 60 ± 10mL/s target flow rate. At this location the PES becomes 
saturated and no longer can produce higher flow rates. This most likely occurs due to the size of 
the vacuum in PES. Modifications to the hardware can help produce higher desired flow rates. The 
third change is the slope of the linear relationship. It is expected that the measured output signal 
should equal the target input signal. However, this 1:1 relationship starts to lose its certainty at 
approximately 45 mL/s. A target 45mL/s flow rate outputs a measured 42 – 43 mL/s flow rate. 
This gap increases as desired flow rate increases which is another determination factor to help 
identify an approximate saturation point for the PES.  
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It should be noted that the No E-Cig condition produces a longer linear relationship before reaching 
its saturation point which highlights the importance of quantifying the resistance in different 
brands of electronic cigarettes since they reach a saturation limit sooner than the no electronic 
cigarette condition. Both NJoy and Zoom produced very good repeatable data for all three trials 
since they were clustered in the same general location. Blu however, varied drastically amongst 
the three trials. Of the three brands of electronic cigarettes NJoy appears to have the least amount 
of resistivity since its saturation point is higher than the other two brands. 
Measured puff voltage versus desired puff flow rate, was plotted for the wPUM in Figure 5.30 
(below). This plot varied slightly compared to Figure 5.29 (above) because instead of having a 
linear relationship between the measured voltages and desired flow rates this produced a slight 
quadratic relationship. It should be noted that the units for the measured voltages and desired flow 
rates in this graph also vary. The measured voltage is reported in digital counts while the desired 
flow rate is in mL/s. 
  
Figure 5.30: Measured Puff Flow Rate (Digital Counts) vs. Desired Puff Flow Rate (mL/s) for wPUM plot. No E-
Cig conditions are labeled in purple, Blu E-Cig is labeled in blue, Zoom E-Cig is labeled in red, and NJoy E-Cig is 
labeled in green. 
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The same system sensitivity limitation at the low end of the flow rate spectrum and saturation 
limitations at the high end stay consistent with the previous Alicat figure. In this response however, 
the gap between all the trials starts to increase sooner with increasing desired flow rate rather than 
in the Alicat case, starting at approximately 35 mL/s. Since the wPUM has a ± 15 digital count 
cutoff from the baseline to compensate for noise this is the flow rate value that is still within that 
noise compensation range. The resistance for the no electronic cigarette condition and the different 
brands of electronic cigarettes are consistent with the Alicat measurements.  
In order to understand the impact of standard deviation on the measured flow rate data the 
coefficient of variance was calculated. This probability tool is a standardized measure of the 
dispersion of a probability distribution and is defined as the standard deviation divided by the mean 
which can then be represented as a percentage by multiplying by 100. Figure 5.31 (below) and 
5.32 (below) show how the coefficient of variance reported in percent behaves for both the Alicat 
and wPUM.  
 
Figure 5.31: Coefficient of Variance (%) vs. Desired Puff Flow Rate (mL/s) for Alicat plot. No E-Cig conditions are 




Figure 5.32: Coefficient of Variance (%)) vs. Desired Puff Flow Rate (mL/s) for wPUM plot. No E-Cig conditions 
are labeled in purple, Blu E-Cig is labeled in blue, Zoom E-Cig is labeled in red, and NJoy E-Cig is labeled in green. 
It can be observed that for both the Alicat and wPUM, excluding the unexpected anomalies at 
desired flow rates less than 8mL/s, the coefficient of variance increases as desired puff flow rate 
increases. This insinuates that standard deviation for higher flow rate values increases 
proportionally. For the Alicat case this proportional percent increase goes from approximately 
10% to 20% over the entire range of flow rates tested in this protocol. The wPUM has a far lower 
range in percent change ranging from 0% to 5%. This means that the wPUM has less variation in 
its measured flow rates than the Alicat. This could be due to the difference in sampling rate 
capabilities for the two devices. In both the Alicat and wPUM plots the No E-Cig Trial 3 case 
behaves very differently compared to all the other measured responses. It appears to respond well 
in the Alicat cause but worse in the wPUM case. Further investigation about why this occurred is 
recommended.  
Histograms of the Alicat Absolute Flow Rate Error (mL/s) and Percent Flow Rate Error (%) are 




Figure 5.33: Histogram of Aim 1.2 Alicat Absolute Flow Rate Error (mL/s). 
The bins selected for both the histograms increment every 0.05 seconds which is reflective of the 
sampling rate for the PES. It can be observed that the largest number of occurrences in Figure 5.33 
(above) occurs between 0 – 0.5 mL/s with 66 occurrences. 73.75% of the error occurs below 
4mL/s.  The overall trend in the histogram is number of occurrences exponentially decrease as 
absolute flow rate error increases until an absolute flow rate of 10mL/s is reached then the behavior 
changes. In the Percent Flow Rate Error histogram the largest range of occurrences happens 
between 2% – 5% with 153 occurrences which accounts for 63.75% of the data. In this histogram 
there is no overall behavior observed. Instead there are three primary locations that have the most 
amount of occurrences 2% – 5%, 10% – 60%, and larger than 100%.  
 
Figure 5.34: Histogram of Aim 1.2 Alicat Percent Flow Rate Error (%). 
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In order to further investigate the behavior in the areas where Percent Flow Rate Error ≥ 10% a 
plot was created.  
 
Figure 5.35: Plot of Number of Occurrences for Alicat at Percent Error ≥ 10% for given Puff Flow Rates (mL/s) for 
Aim 1.2.  
Figure 5.35 (above) shows two areas where data is clustered. The first area occurs at puff flow 
rates lower than 5mL/s with 21 occurrences. It should be noted that because the percent error for 
some of these measured values are so large the y-axis is logarithmic. This data is the unexpected 
large measure voltage readings when a low desired flow rate is prescribed. The Zoom Ecig 
experienced more occurrences where Percent Error ≥ 50 with 9 instances. Blu and NJoy both had 
6 occurrences and the No E-Cig condition only had 3. The other cluster above 10% error occurred 
at puff flow rates larger than 60mL/s which is where saturation for the PES occurs. There were 40 
instances in this range. The number of occurrences was not dependent on a specific brand. Each 
testing condition contributed almost exactly the same number of occurrences. The No E-Cig 
condition had 7 occurrences, Blu E-Cig had 11, Zoom E-Cig had 12 and the Njoy E-Cig had 10.  
In Aim 1.1 it was qualitatively observed that the data set had different measured noise in the graphs 
produced between all the testing conditions. In an attempt to quantify an average noise for each 
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testing condition the standard deviations measured for all trials between 8mL/s and 60mL/s were 
averaged. A standard deviation of that average value was also calculated. Table 5.10 (below) 
shows these values.  
Table 5.10: Approximate noise value associated with specific testing condition. 
Brand of Electronic 
Cigarette 
Mean Flow Rate 
Noise Value (mL/s) 
Standard 
Deviation  




No E-Cig 4.233 2.993 8 6 
Blu 4.276 2.950 9 7 
Zoom 4.303 3.100 6 4 
NJoy 4.294 3.064 6 4 
Cohort Average 4.434 3.027 7 5 
 
This information shows that there is no large variation between any of the testing conditions when 
measured by the Alicat. The average noise for the overall cohort is 4.434mL/s ± 3.027mL/s. For 
the wPUM there is slight variation between the No E-Cig and Blu E-Cig conditions compared to 
the Zoom E-Cig and NJoy E-Cig. Both Zoom and NJoy produced the same noise value and were 
both smaller compared to the No E-Cig and Blu E-Cig. The cohort average for this was 7 digital 
counts ± 5 digital counts. This supports that utilizing a Voltage Count Cutoff = 15 digital counts 
in the TAP described in Chapter 2.2 (above) is a good assumption.  
5.3.5 Conclusions 
This aim was interested validating the ability of the wPUM to capture increasing puff flow rate in 
order to determine a range of puff flow rate detection. From the results produced a detectable puff 
flow rate of (512 – 730) ± 1 digital counts can be obtained with minimal error when the PES is the 
primary instrument puffing the electronic cigarette.  
5.4 AIM 1.3 – WPUM DETECTING DECREASING PUFF PERIOD UTILIZING EXCEL 
5.4.1 Parameters  
This study was interested assessing the capability of the wPUM to detect varying puff period. Puff 
period is defined as the time from the start of a puff until the start time of the next puff, essentially 
puff duration plus interpuff gap. The same no electronic cigarette condition and three disposable 
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electronic cigarettes mentioned in Table 5.1 (above) were tested. The Decreasing Puff Period 
Protocol initially started at a 10s puff period and decreased to 5.1s. Five different puff period 
durations were tests in this protocol with four puffs occurring back to back in that designated puff 
period equating to a total of 20 puffs for the entire protocol. The lower limit was chosen to test the 
limitation of the PES system. Each puff was taken at a puff duration equal to 5 seconds. This was 
chosen as a higher limit puff duration value from the puffs reported in Chapter 3 (above). Each 
puff was taken at the lowest reliable puff flow rate measured from the previous Aim 1.2 for the 
PES at 8mL/s. The input file described is identified in Figure 5.36 (below).  
 
Figure 5.36: Decreasing Puff Period Protocol puffing profile. 
5.4.2 Experimental Procedures 
The experimental procedure used in this study is referenced in sections 2.1.2 (above), 2.1.3 
(above), and 2.1.4 (above). Figure 5.37 (below) shows the specific puffing protocol used in this 




Figure 5.37: LabVIEW System Setup screen and selection options for Aim 1.3. 
5.4.3 Results 
In order to validate the capability of the Alicat and wPUM to gather the target puff periods two 
plots were created for each trial using Microsoft Excel. The first figure plots the Input File for the 
PES, represented by the blue line, with the measured Alicat flow rate represented in orange. The 
second figure is the wPUM plot. This specific plotting was chosen in order to show all the puffs 
associated with one puff period. However, because of inconsistent starting time on the PES and 
inconsistent warm up time for the wPUM these plots would have required a lot of manipulation to 
show all the data on one plot and that is why two figures were created.  The target puff profile and 
measured Alicat data use the left y-axis units of mL/s for flowrate while the measured wPUM data 
uses units of digital counts. Both figures use the same time x-axis units of seconds after the reported 
Arduino time was converted into seconds from milliseconds. Figure 5.38 (below) shows all the 
trials with the different puff periods for Test Aim 1.3 without an electronic cigarette.  
























































Figure 5.38: No E-Cig Aim 1.3 Decreasing Puff Period puff analysis of Input File, Alicat, and wPUM Files. PES 
sampling rate = 0.05s, Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 
The corresponding measured puff periods associated with the No E-Cig condition are reported in 
Table 5.11 (below). The absolute difference and percent error are identified for both the Alicat and 
wPUM data.  































9.950 0.050 0.500 9.976 0.024 0.240 
2 9.950 0.050 0.500 9.925 0.075 0.750 




10.050 0.050 0.500 9.950 0.050 0.500 
2 10.050 0.050 0.500 10.050 0.050 0.500 




9.950 0.050 0.500 0.949 0.051 0.510 
2 10.050 0.050 0.500 10.025 0.025 0.250 






5.750 0.250 4.167 5.800 0.200 3.333 
2 5.750 0.250 4.167 5.776 0.224 3.733 




6.050 0.050 0.833 6.150 0.150 2.500 
2 6.000 0.000 0.000 6.001 0.001 0.017 




5.950 0.050 0.833 5.976 0.024 0.400 
2 6.050 0.050 0.833 6.026 0.026 0.433 




5.250 0.250 4.545 5.475 0.025 0.455 
2 5.300 0.200 3.636 5.275 0.225 4.091 




5.550 0.050 0.909 5.301 0.199 3.618 
2 5.450 0.050 0.909 5.476 0.024 0.436 




5.450 0.050 0.909 5.501 0.001 0.018 
2 5.550 0.050 0.909 5.499 0.001 0.018 




5.000 0.250 4.762 5.025 0.225 4.286 
2 5.000 0.250 4.762 5.051 0.199 3.790 




5.250 0.000 0.000 5.251 0.001 0.019 
2 5.250 0.000 0.000 5.249 0.001 0.019 




5.300 0.050 0.952 5.249 0.001 0.019 
2 5.250 0.000 0.000 5.251 0.001 0.019 




4.850 0.250 4.902 4.899 0.201 3.941 
2 4.850 0.250 4.902 4.926 0.174 3.412 




5.100 0.000 0.000 5.100 0.000 0.000 
2 5.100 0.000 0.000 5.075 0.025 0.490 




5.150 0.050 0.980 5.100 0.000 0.000 
2 5.100 0.000 0.000 5.101 0.001 0.020 




The Blu E-Cig puff periods for all the trials are identified in Figure 5.39 (below).  

















































Notes:  * - Percent Error ≥ 10% 
Figure 5.39: Blu E-Cig Aim 1.3 Decreasing Puff Period puff analysis of Input File, Alicat, and wPUM Files. PES 
sampling rate = 0.05s, Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 
The measured puff periods associated with the Blu E-Cig condition are reported in Table 5.12 
(below). The absolute difference and percent error are identified for both the Alicat and wPUM 
data. This data set had some percent errors larger than 10%.  

































10.000 0.000 0.000 9.974 0.026 0.260 
2 9.950 0.050 0.500 10.575 0.575 5.750 




9.950 0.050 0.500 9.900 0.100 1.000 
2 9.900 0.100 1.000 10.525 0.525 5.250 
3 9.950 0.050 0.500 10.050 0.050 0.500 




2 10.100 0.100 1.000 10.675 0.675 6.750 




5.750 0.250 4.167 5.775 0.225 3.750 
2 5.750 0.250 4.167 6.125 0.125 2.083 




6.050 0.050 0.833 5.998 0.002 0.033 
2 6.000 0.000 0.000 6.300 0.300 5.000 




5.950 0.050 0.833 5.976 0.024 0.400 
2 6.050 0.050 0.833 6.324 0.324 5.400 




5.300 0.200 3.636 5.300 0.200 3.636 
2 5.300 0.200 3.636 5.950 0.450 8.182 




5.500 0.000 0.000 5.476 0.024 0.436 
2 5.500 0.000 0.000 6.150 0.650 11.818* 




5.550 0.050 0.909 5.499 0.001 0.018 
2 5.500 0.000 0.000 6.300 0.800 14.545* 




5.050 0.200 3.810 5.049 0.201 3.829 
2 5.050 0.200 3.810 5.249 0.001 0.019 




5.250 0.000 0.000 5.249 0.001 0.019 
2 5.250 0.000 0.000 5.550 0.300 5.714 




5.250 0.000 0.000 5.226 0.024 0.457 
2 5.300 0.050 0.952 6.449 1.199 22.838* 




4.850 0.250 4.902 4.925 0.175 3.431 
2 4.950 0.150 2.941 5.401 0.301 5.902 




5.100 0.000 0.000 5.075 0.025 0.490 
2 5.050 0.050 0.980 5.525 0.425 8.333 
3 5.150 0.050 0.980 5.651 0.551 10.804* 
15 1 5.100 5.100 0.000 0.000 5.124 0.024 0.471 
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2 5.100 0.000 0.000 5.400 0.300 5.882 
3 5.050 0.050 0.980 5.475 0.375 7.353 
Notes:  * - Percent Error ≥ 10% 
The puff periods for the Zoom E-Cig for all the trials are identified in Figure 5.40 (below).  

















































Notes:  * - Percent Error ≥ 10% 
Figure 5.40: Zoom E-Cig Aim 1.3 Decreasing Puff Period puff analysis of Input File, Alicat, and wPUM Files. PES 
sampling rate = 0.05s, Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 
The Zoom E-Cig measured puff periods reported in Table 5.13 (below). The absolute difference 
and percent error are identified for both the Alicat and wPUM data. The Zoom E-Cig like the Blu 
E-Cig had some percent errors larger than 10%.  




































10.000 0.000 0.000 9.949 0.051 0.510 
2 9.900 0.100 1.000 9.876 0.124 1.240 




9.950 0.050 0.500 9.950 0.050 0.500 
2 9.950 0.050 0.500 9.900 0.100 1.000 




9.900 0.100 1.000 9.851 0.149 1.490 
2 10.150 0.150 1.500 10.076 0.076 0.760 




5.750 0.250 4.167 5.800 0.200 3.333 
2 5.850 0.150 2.500 6.025 0.025 0.417 




6.000 0.000 0.000 5.976 0.024 0.400 
2 6.000 0.000 0.000 5.824 0.176 2.933 




6.000 0.000 0.000 6.001 0.001 0.017 
2 6.000 0.000 0.000 5.976 0.024 0.400 




5.300 0.200 3.636 5.300 0.200 3.636 
2 5.250 0.250 4.545 5.324 0.176 3.200 




5.450 0.050 0.909 5.476 0.024 0.436 
2 5.500 0.000 0.000 5.501 0.001 0.018 




5.550 0.050 0.909 5.499 0.001 0.018 
2 5.500 0.000 0.000 5.475 0.025 0.455 




5.050 0.200 3.810 5.075 0.175 3.333 
2 5.050 0.200 3.810 5.049 0.201 3.829 




5.250 0.000 0.000 5.225 0.025 0.476 
2 5.250 0.000 0.000 5.249 0.001 0.019 
3 5.250 0.000 0.000 5.325 0.075 1.429 
12 1 5.250 5.300 0.050 0.952 5.249 0.001 0.019 
182 
 
2 5.250 0.000 0.000 5.251 0.001 0.019 




4.850 0.250 4.902 4.874 0.226 4.431 
2 4.850 0.250 4.902 4.923 0.177 3.471 




5.100 0.000 0.000 5.101 0.001 0.020 
2 5.150 0.050 0.980 6.174 1.074 21.059* 




5.100 0.000 0.000 5.075 0.025 0.490 
2 5.050 0.050 0.980 5.075 0.025 0.490 
3 5.100 0.000 0.000 6.300 1.200 23.529 
Notes:  * - Percent Error ≥ 10% 
The puff periods for the NJoy E-Cig for all the trials are identified in Figure 5.41 (below).  

















































Notes:  * - Percent Error ≥ 10% 
Figure 5.41: NJoy E-Cig Aim 1.3 Decreasing Puff Period puff analysis of Input File, Alicat, and wPUM Files. PES 
sampling rate = 0.05s, Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 
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The puff periods for NJoy are reported in Table 5.14 (below). The absolute difference and percent 
error are identified for both the Alicat and wPUM data.  

































9.950 0.050 0.500 9.950 0.050 0.500 
2 9.900 0.100 1.000 9.800 0.200 2.000 




10.000 0.000 0.000 10.050 0.050 0.500 
2 9.950 0.050 0.500 9.975 0.025 0.250 




9.950 0.050 0.500 12.251 2.251 22.510* 
2 10.150 0.150 1.500 10.050 0.050 0.500 




5.800 0.200 3.333 6.101 0.101 1.683 
2 5.850 0.150 2.500 5.800 0.200 3.333 




6.000 0.000 0.000 6.075 0.075 1.250 
2 5.950 0.050 0.833 5.976 0.024 0.400 




5.950 0.050 0.833 6.024 0.024 0.400 
2 5.950 0.050 0.833 6.000 0.000 0.000 




5.400 0.100 1.818 5.349 0.151 2.745 
2 5.300 0.200 3.636 5.300 0.200 3.636 




5.500 0.000 0.000 5.474 0.026 0.473 
2 5.550 0.050 0.909 5.501 0.001 0.018 




5.500 0.000 0.000 5.526 0.026 0.473 
2 5.450 0.050 0.909 5.474 0.026 0.473 






5.100 0.150 2.857 5.800 0.550 10.476* 
2 5.050 0.200 3.810 5.001 0.249 4.743 




5.200 0.050 0.952 6.300 1.050 20.000* 
2 5.200 0.050 0.952 5.249 0.001 0.019 




5.250 0.000 0.000 6.074 0.824 15.695* 
2 5.250 0.000 0.000 5.226 0.024 0.457 




4.850 0.250 4.902 5.326 0.226 4.431 
2 4.850 0.250 4.902 4.901 0.199 3.902 




5.100 0.000 0.000 5.149 0.049 0.961 
2 5.150 0.050 0.980 5.100 0.000 0.000 




5.100 0.000 0.000 5.124 0.024 0.471 
2 5.050 0.050 0.980 5.075 0.025 0.490 
3 5.100 0.000 0.000 5.075 0.025 0.490 
Notes:  * - Percent Error ≥ 10% 
5.4.4 Discussion of Results 
The data measured from the Alicat and wPUM with and without electronic cigarettes presented in 
Figures 5.38 (above), 5.39 (above), 5.40 (above), and 5.41 (above) are consistent and expected 
responses. The data followed the same plotting features as Aim 1.1 and 1.2 as straight lines in 
order to mitigate smoothing effects. In an effort to determine what minimum interpuff gap 
capability the PES and wPUM can measure, the Nyquist limit of the PES, 0.1 seconds, was tested. 
This limit is the theoretical minimum and will most likely not be achieved however, experimental 
validation was utilized to prove this was true. A practical minimum is 8 samples per period, which 
means an achievable minimum for the PES is 0.4 seconds and for the wPUM is 0.2 seconds.  
Unlike the previous plotting in Aim 1.1, where the beginning of the puff was aligned with the Input 
File for the PES, this Aim was plotted at an offset of 0.2 seconds due to the first puff consistently 
starting 0.2 seconds later than the input puffing protocol. The first puff in the first tested puff period 
condition equal to 10 seconds for each condition and trial was not shifted. However, all the 
subsequent first puffs tested in puff periods equal to 6, 5.5, 5.25, and 5.1 seconds all did start 0.2 
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seconds later. This shift was only necessary for the Alicat measurements since the Alicat was the 
only measured signal plotted on the same graph as the Input File for the PES. It is recommended 
to further investigate why there was this consistent off shift response.  
Histograms of the Absolute Time Error (s) and Percent Time Error (%) for the Alicat and wPUM 
are identified in Figure 5.42 (below) and 5.43 (below). They were created in order to identify the 
number of occurrences at specific values to better understand the difference in puff period between 
the PES target signal and the measured signals from the Alicat and wPUM.  
 
Figure 5.42: Histogram of Aim 1.3 Alicat Absolute Time Error (s). 
The measured Alicat and wPUM puff periods were determined by subtracting the recorded raw 
data start time for puff #2 by the start time of puff #1 and following this sequence for the next puff 
period. This method has its limitations due to the sampling rate each instrument can record data. 
The bins selected in Figure 5.42 (above) increment every 0.05 seconds which is reflective of the 
sampling rate for the PES. It can be observed that the times where the majority of error occurs are 
at an Absolute Time Error ≤ 0.05 seconds with 122 occurrences, which represents 67.78% of the 
data set. These occurrences where not testing condition specific. No E-Cig had 32 occurrences, 
Blu E-Cig had 32, Zoom E-Cig had 29 and N-Joy E-Cig had 29. The number of occurrences after 
an absolute time error equal to 0.05 seconds slowly start to linearly increase as the absolute time 
error increases. However, this error difference does not deviate significantly and is consistent 




Figure 5.43: Histogram of Aim 1.3 wPUM Absolute Time Error (s). 
The bins in Figure 5.43 (above) are consistent with the ranges that were used in Aim 1.2. The bin 
range with the largest amount of occurrences, 80, is at 0 ≤ Absolute Time Error (s) ≤ 0.05. This 
accounts for 44.44% of the data set. This data was a little more influenced by specific testing 
conditions compared to the Alicat absolute time error. No E-Cig had 24 occurrences, Blu E-Cig 
had 14, Zoom E-Cig had 18 and NJoy E-Cig had 23. The general overall response of the absolute 
timer error associated with the wPUM is decreasing number of occurrences as absolute time error 
increases.  
The histograms of the Percent Time Error for the Alicat and wPUM are identified in Figures 5.44 
(below) and 5.45 (below). The bins for each of the figures initially ranges 0.05% until Percent 
Time Error = 5% where the range changes to 1% increments and eventually change again at 
Percent Time Error = 10% where the rest of the ranges are 10% increments. These bins were 




Figure 5.44: Histogram of Aim 1.3 Alicat Percent Time Error (%). 
The highest number of occurrences for both the Alicat and wPUM occur at 0 ≤ Percent Time Error 
(%) ≤ 1. Alicat has 122 occurrences while the wPUM has 96 occurrences. Both the Alicat and 
wPUM histograms mirror the same type of overall behavior in the Absolute Time Error 
histograms. All the associated percent time error for the Alicat is within 5% compared to the 
wPUM which reaches a maximum percent time error equal to 24%.  
 
Figure 5.45: Histogram of Aim 1.3 wPUM Percent Time Error (%). 
In an effort to further investigate the percent error a plot showing the number of occurrences for 
given puff periods below 5% for the Alicat and above 10% for the wPUM are shown in Figures 





Figure 5.46: Plot of Number of Occurrences for Alicat at Percent Error ≤ 5% for Aim 1.3. 
The behavior in the Alicat Puff Period Percent Error plot was very different compared to any other 
percent error plot analyzed in this chapter. Each condition was separated to see if there were any 
differences amongst the behaviors of the responses measured. For the No E-Cig condition there 
was only one unique point at Puff Period = 5.1 seconds and at Percent Error ≈ 4% that no other 
electronic cigarette condition produced. For the Blu E-Cig condition there was only one unique 
point at Puff Period = 5.1 seconds and at Percent Error ≈ 3%, Zoom E-Cig had no unique points 
and NJoy E-Cig had three unique points at Puff Period = 5.25, 5.5 and 10 seconds and at Percent 
Error ≈ 2.75%, 1.75% and 2%. This shows that of all the conditions tests NJoy had the most 
variability of Percent Error produced at every puff period. This plot shows that there was a specific 
trend in the data collected. Further investigation by testing more intervals between 6 and 10 second 




Figure 5.47: Plot of Number of Occurrences for wPUM at Percent Error ≥ 10% for Aim 1.3. 
Figure 5.47 (above) shows that the majority of occurrences, 10, where a Puff Percent was larger 
than or equal to 10% occurred at Puff Periods = 5.1, 5.25 and 5.5 seconds. None of the occurrences 
above 10% occurred for the No E-Cig condition and were perfectly distributed amongst the three 
remaining electronic cigarette brands. It is unclear what caused these anomalies and is 
recommended for future testing to investigate whether the LabVIEW program temporarily freezing 
could impact this behavior.  
The last qualitative observation made from the data set was the response in the amplitude as puff 
period decreased. A blown up view of the Alicat Trial 1 Puff Period = 5.1 seconds plot is provided 




Figure 5.48: Blown up view of Decreasing Puff Period – Input File for PES vs. Alicat Trial 1 Puff Period = 5.1s. 
At a target flow rate of 0mL/s the Alicat measured flor rate fluctuates from 0mL/s ± 1mL/s. It can 
be observed that at an Interpuff Gap = 0.1 seconds the Alicat signal does not return back to the 
original baseline because it does not have enough time to respond to a puff starting. This behavior 
can be qualitatively observed in Puff Periods = 5.1 seconds and sometimes 5.25 seconds. This 
suggests the lower limitation of the PES to respond fast enough which was anticipated since the 
puffing protocol is at the Nyquist limit at 0.1 seconds. It is recommended to measure both the 
duration and amplitude of the signal when validating the ability of a device to measure puff period 
accurately.  
5.4.5 Conclusions 
This aim was interested validating the ability of the wPUM to capture decreasing puff period in 
order to determine the lower limitation of detectable interpuff gap. From the results produced a 
minimum puff period of 0.65 ± 0.0125 seconds can be obtained with minimal error when the PES 
is the primary instrument puffing the electronic cigarette. There is no limitation to a maximum 
puff period value for the wPUM.  
5.5 CONCLUSIONS  
The aim of the study was to characterize the ability of the wPUM to detect variable puff duration, 
puff flow rate and puff period utilizing RIT Ideal Testing Conditions. This study produced 
repeatable data with minimal difference between the No E-Cig condition versus the three different 
brands of electronic cigarettes. In terms of noise associated with the four testing devices no 
difference was observed between the No E-Cig, Blu E-Cig, Zoom E-Cig or NJoy E-Cig. It was 
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observed however, that the Blu E-Cig had more noise associated with its signal compared to the 
Zoom or NJoy E-Cig. The No E-Cig condition also reported higher flow rates before reaching the 
PES saturation point compared to the three brands of electronic cigarettes. The recommended 
capabilities of the wPUM when driven by the PES are provided in Table 5.15 (below).  
Table 5.15: Recommended wPUM measuring capability using PES as source of puffing. 
wPUM Characterization 
Measuring Characteristic Units 







Sampling Period s 0.025 ± 0.0125 0.025 ± 0.0125 
Puff Duration Range s 0.05 – N/A ± 0.0125 0.35 – N/A ± 0.0125 
Minimum Interpuff Gap  s 0.05 ± 0.0125 0.30 ± 0.0125 
Minimum Puff Period s 0.1 ± 0.0125 0.65 ± 0.0125 
Δ Pressure (Voltage) Range Digital Counts 512 – 921 ± 0.05 512 – 730 ± 1 










It should be noted that the Puff Flow Rate recommendation is reported as the Δ Pressure (Voltage). 
The Alicat was the only instrument that produced a flow rate measurement in mL/s while the 
wPUM measured in digital counts. In order to determine what the corresponding wPUM 
measurement would be in mL/s a calibration relationship would need to be executed which will 
take place in Chapter 6 Aim 2 (below). The lower limitation of the Puff Period insinuates a 
minimum Interpuff Gap of 0.30 seconds. This is below the practical value of four times the Nyquist 
rate when noise is associated with a system. However, the experimental data shows that the PES 
is capable of measuring this lower limitation with minimal error. It can be recommended to 
increase this minimum by 0.1 seconds to be even safer with less error. Overall the wPUM is 




6 CHAPTER 6: AIM 2 – CALIBRATION RELATIONSHIP BETWEEN 
VOLTAGE COUNT AND FLOW RATE 
6.1 EXPERIMENTAL APPARATUS 
The following experimental apparatus used in this study is referenced in section 5.1 (aboveError! 
Reference source not found.). 
6.2 PARAMETERS 
This study was interested assessing the capability of the wPUM to detect the RIT Flow Rate 
Calibration - Full Series profile. The same no electronic cigarette condition and three disposable 
electronic cigarettes mentioned in Table 5.1 (above) were tested. The RIT Flow Rate Calibration 
profile consists of 36 puffs. Each puff has a puff duration of 5 seconds and an interpuff gap of 5 
seconds. The puff duration was chosen as a higher value from the puffs reported in Chapter 3 
(above). Flow rate was the only variable that changed amongst the puffs. They varied from 10mL/s 
to 60mL/s. The profile would initially start at a 10mL/s puff and increase by 10mL/s to a maximum 
flow rate of 60mL/s then, decrease by an increment of 10mL/s until it reached the minimum flow 





Figure 6.1: RIT Flow Rate Calibration – Full Series Profile Protocol puffing profile. 
6.3 AIM 2.1 – WPUM DETECTING RIT FLOW RATE CALIBRATION – FULL SERIES 
PROFILE UTILIZING EXCEL IN ORDER TO PRODUCE A CALIBRATION 
COEFFICIENT 
6.3.1 Experimental Procedures 
The experimental procedure used in this study is referenced in sections 2.1.2 (above), 2.1.3 
(above), and 2.1.4 (above). Figure 6.2 (below) shows the specific puffing protocol used in this 





Figure 6.2: LabVIEW System Setup screen and selection options for Aim 2.1. 
6.3.2 Results  
In order to validate the capability of the Alicat and wPUM to detect the target RIT Flow Rate 
Calibration – Full Series Profile, plots of the full session and zoomed in images of each puff were 
created for each trial using Microsoft Excel. The first figure plots the Input File for the PES, 
represented by the blue line, with the measured Alicat flow rate represented in orange. The second 
figure is the wPUM plot. These plots were separated due to inconsistent warm up time for both the 
PES and wPUM. Figure 6.3 (below) shows all the trials for Test Aim 2.1 without an electronic 
cigarette.  












No Ecig – RIT Flow Rate Calibration – Full Series Profile Protocol – Trial 2 
 
 





Figure 6.3: Image of full profile for No E-Cig Aim 2.1 RIT Flow Rate Calibration – Full Series Profile puff analysis 
of Input File, Alicat, and wPUM Files. PES sampling rate = 0.05s, Alicat sampling rate = 0.01s and wPUM 
sampling rate = 0.025s. 
It can be observed that the measured Alicat profile overlays the Input File for the PES almost 
perfectly which is why the blue line is not apparent in the graphs above. The zoomed in images 
below have two y-axis. The target puff profile and measured Alicat data use the left y-axis units 
of mL/s for flowrate while the measured wPUM data uses units of digital counts on the right y-
axis. Both figures use the same time x-axis units of seconds after the reported Arduino time was 
converted into seconds from milliseconds. Figure 6.4 (below) shows the zoomed in images 
corresponding to the no electronic cigarette condition for all trials.   
Puff #1: 10 mL/s 
 




Puff #3: 30 mL/s 
 
Puff #4: 40 mL/s 
 
Puff #5: 50 mL/s 
 
Puff #6: 60 mL/s 
 
Puff #7: 60 mL/s 
 




Puff #9: 40 mL/s 
 
Puff #10: 30 mL/s 
 
Puff #11: 20 mL/s
 
Puff #12: 10 mL/s
 
Puff #13: 10 mL/s
 




Puff #15: 30 mL/s
 
Puff #16: 40 mL/s
 
Puff #17: 50 mL/s
 
Puff #18: 60 mL/s
 
Puff #19: 60 mL/s
 




Puff #21: 40 mL/s
 
Puff #22: 30 mL/s
 
Puff #23: 20 mL/s
 
Puff #24: 10 mL/s
 
Puff #25: 10 mL/s
 




Puff #27: 30 mL/s
 
Puff #28: 40 mL/s
 
Puff #29: 50 mL/s
 
Puff #30: 60 mL/s
 
Puff #31: 60 mL/s
 




Puff #33: 40 mL/s
 
Puff #34: 30 mL/s
 
Puff #35: 20 mL/s
 
Puff #36: 10 mL/s
 
Figure 6.4: No E-Cig Aim 2.1 RIT Flow Rate Calibration – Full Series Profile puff analysis of Input File, Alicat, 
and wPUM Files. PES sampling rate = 0.05s, Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 
Table 6.1 (below) has the measured values for flow rate for both the Alicat and wPUM. This was 
the only puff characteristic reported in order to utilize the information to create a calibration 
coefficient. The standard deviation and coefficient of variance are also identified for both the 
Alicat and wPUM data. The Alicat data additionally shows the absolute difference and percent 
error between the measured puff flow rate and target puff flow rate from the testing protocol. 









































9.836 1.176 11.955 0.164 1.645 522 3 2 0.423 
2 9.683 1.393 14.382 0.317 3.174 522 3 1 0.159 




19.305 2.646 13.707 0.695 3.477 535 5 6 1.182 
2 19.312 2.662 13.784 0.688 3.440 537 5 9 1.616 




28.864 4.814 16.678 1.136 3.788 557 7 12 2.201 
2 28.593 5.346 18.696 1.407 4.689 559 7 11 2.018 




38.435 7.096 18.461 1.565 3.912 585 9 9 1.511 
2 38.368 7.472 19.474 1.632 4.079 589 9 11 1.832 




47.939 9.025 18.825 2.061 4.121 619 10 14 2.281 
2 47.869 9.043 18.891 2.131 4.263 626 11 13 2.148 




58.028 10.867 18.727 1.972 3.826 666 12 14 2.035 
2 57.108 11.054 19.356 2.892 4.821 674 13 7 0.965 




57.083 12.084 21.170 2.917 4.861 664 12 16 2.411 
2 57.091 10.950 19.180 2.909 4.848 676 13 11 1.613 




48.912 7.892 16.134 1.088 2.175 620 10 14 2.287 
2 48.307 8.076 16.717 1.693 3.387 630 11 13 2.010 




38.715 6.483 16.746 1.285 3.214 584 8 12 2.034 
2 38.722 6.262 16.173 1.278 3.195 592 9 14 2.409 




28.667 5.328 18.587 1.333 4.445 556 7 11 1.970 
2 29.082 4.059 13.956 0.918 3.059 560 7 11 2.007 




19.295 2.668 13.828 0.705 3.526 536 5 5 0.872 
2 19.272 2.669 13.849 0.728 3.641 538 5 8 1.481 




9.794 1.000 10.209 0.206 2.060 522 3 1 0.219 
2 9.768 0.964 9.871 0.232 2.316 522 3 1 0.182 




9.702 1.272 13.115 0.298 2.983 522 3 1 0.229 
2 9.661 1.315 13.608 0.339 3.394 523 3 1 0.149 
3 9.708 1.118 11.520 0.292 2.922 522 3 1 0.181 
14 1 20 19.137 3.371 17.615 0.863 4.313 536 5 6 1.145 
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2 19.286 2.614 13.555 0.714 3.571 537 5 8 1.430 




28.892 4.809 16.643 1.108 3.693 557 7 13 2.271 
2 28.844 4.744 16.449 1.156 3.854 559 7 10 1.852 




38.694 6.412 16.570 1.306 3.264 585 9 12 2.105 
2 38.672 6.344 16.405 1.328 3.320 589 9 15 2.504 




48.515 8.918 18.381 1.485 2.969 622 10 15 2.381 
2 47.799 9.276 19.407 2.201 4.403 626 11 13 2.105 




57.249 11.463 20.024 2.751 4.585 661 12 17 2.583 
2 57.640 9.915 17.201 2.360 3.993 672 13 11 1.693 




57.344 11.347 19.788 2.656 4.427 664 12 10 1.439 
2 57.531 9.936 17.271 2.469 4.115 674 13 10 1.522 




47.571 10.350 21.756 2.429 4.858 622 10 16 2.643 
2 48.346 8.021 16.591 1.654 3.308 630 11 12 1.833 




37.623 8.741 23.233 2.377 5.942 585 9 14 2.462 
2 39.044 5.229 13.392 0.956 2.391 591 9 13 2.280 




28.664 5.672 19.787 1.336 4.453 558 7 19 3.398 
2 29.076 3.919 13.477 0.924 3.081 560 7 11 1.991 




19.305 2.896 15.003 0.695 3.473 536 5 7 1.383 
2 18.895 3.587 18.983 1.105 5.526 537 5 7 1.268 




9.673 1.351 13.971 0.327 3.270 522 3 1 0.164 
2 9.744 1.034 10.616 0.256 2.562 523 3 1 0.183 




9.764 1.051 10.761 0.236 2.365 522 3 1 0.226 
2 9.667 1.265 13.081 0.333 3.329 523 3 1 0.172 




19.120 3.154 16.497 0.880 4.401 536 5 4 0.769 
2 19.274 2.742 14.229 0.726 3.630 537 5 7 1.263 




28.965 5.253 18.136 1.035 3.449 559 7 21 3.797 
2 29.111 4.053 13.922 0.889 2.963 559 7 14 2.515 
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38.723 7.154 18.476 1.277 3.193 588 9 26 4.487 
2 38.301 7.234 18.888 1.699 4.247 589 9 17 2.842 




48.024 9.249 19.260 1.976 3.951 621 10 21 3.354 
2 47.883 9.113 19.031 2.117 4.234 625 11 11 1.826 




57.853 10.919 18.874 2.147 3.578 665 12 18 2.721 
2 56.860 10.965 19.285 3.140 5.233 669 13 12 1.846 




57.574 11.326 19.672 2.426 4.044 665 12 10 1.472 
2 57.505 11.044 19.205 2.495 4.158 674 13 15 2.151 




48.093 10.074 20.947 1.907 3.814 623 11 29 4.727 
2 48.065 9.186 19.112 1.935 3.869 629 11 14 2.249 




38.374 7.283 18.979 1.626 4.065 586 9 19 3.261 
2 38.771 6.181 15.924 1.229 3.073 590 9 18 3.078 




28.908 4.599 15.909 1.092 3.640 558 7 15 2.703 
2 29.157 3.805 13.049 0.843 2.809 560 7 18 3.182 




19.276 2.908 15.088 0.724 3.621 536 5 10 1.836 
2 19.272 2.746 14.251 0.728 3.642 538 5 10 1.789 




9.827 1.095 11.147 0.173 1.731 522 3 2 0.307 
2 9.714 1.059 10.900 0.286 2.861 523 3 1 0.129 
3 9.716 1.157 11.910 0.284 2.844 522 3 1 0.191 
Notes:  SD – Standard Deviation 
COV – Coefficient of Variance 
 
The corresponding full profile plots of the Alicat and wPUM for the Blu E-Cig are provided in 
Figure 6.5 (below). Unlike the previous full profile plots in the No E-Cig condition the blue Input 
File for the PES is identifiable in the plots. This means that there was a larger difference between 
the measured Alicat flow rate and target Input File for the PES.   
 





Blu Ecig – RIT Flow Rate Calibration – Full Series Profile Protocol – Trial 2 
 
 





Figure 6.5: Image of full profile for Blu E-Cig Aim 2.1 RIT Flow Rate Calibration – Full Series Profile puff analysis 
of Input File, Alicat, and wPUM Files. PES sampling rate = 0.05s, Alicat sampling rate = 0.01s and wPUM 
sampling rate = 0.025s. 
The zoomed in images of each puff for the Blu E-Cig are provided in Figure 6.6 (below). Unlike 
the previous No E-Cig condition there were puffs measured that had a ≥ 10% difference between 
the measured and target flow rate values. The most unique behavior that was measured can 
qualitatively be observed for Puff #10, #22 and #34. Each of these puffs have an unexpected 




Puff #1: 10 mL/s 
 
Puff #2: 20 mL/s 
 
Puff #3: 30 mL/s 
 
Puff #4: 40 mL/s 
 
Puff #5: 50 mL/s 
 




Puff #7: 60 mL/s *
 
Puff #8: 50 mL/s 
 
Puff #9: 40 mL/s *
 
Puff #10: 30 mL/s *
 
Puff #11: 20 mL/s
 




Puff #13: 10 mL/s
 
Puff #14: 20 mL/s
 
Puff #15: 30 mL/s
 
Puff #16: 40 mL/s
 
Puff #17: 50 mL/s
 




Puff #19: 60 mL/s *
 
Puff #20: 50 mL/s
 
Puff #21: 40 mL/s *
 
Puff #22: 30 mL/s *
 
Puff #23: 20 mL/s
 




Puff #25: 10 mL/s
 
Puff #26: 20 mL/s
 
Puff #27: 30 mL/s
 
Puff #28: 40 mL/s
 
Puff #29: 50 mL/s
 




Puff #31: 60 mL/s *
 
Puff #32: 50 mL/s
 
Puff #33: 40 mL/s * 
 
Puff #34: 30 mL/s *
 
Puff #35: 20 mL/s
 
Puff #36: 10 mL/s
 
Notes: * - Percent Error ≥ 10% 
Figure 6.6: Blu E-Cig Aim 2.1 RIT Flow Rate Calibration – Full Series Profile puff analysis of Input File, Alicat, 
and wPUM Files. PES sampling rate = 0.05s, Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 
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Table 6.2 (below) has the measured values for flow rate in addition the standard deviation and 
coefficient of variance for both the Alicat and wPUM data. The Alicat data shows the absolute 
difference and percent error between the measured puff flow rate and target puff flow rate from 
the testing protocol. 







































9.734 1.006 10.331 0.266 2.660 522 3 2 0.305 
2 9.636 1.505 15.618 0.364 3.640 523 3 3 0.504 




19.251 2.634 13.684 0.749 3.743 536 5 5 0.974 
2 19.198 2.925 15.235 0.802 4.012 539 5 6 1.206 




28.890 4.772 16.346 1.110 3.699 560 7 9 1.619 
2 28.836 4.694 16.280 1.164 3.879 562 7 9 1.642 




38.671 6.098 15.769 1.329 3.323 593 9 13 2.125 
2 38.293 7.604 19.859 1.707 4.267 596 9 12 2.062 




46.267 8.682 18.765 3.733 7.465 625 11 17 2.663 
2 46.662 8.493 19.166 3.338 6.677 630 11 16 2.578 




46.513 7.591 16.320 13.487 22.479* 626 11 16 2.625 
2 46.957 8.917 18.990 13.043 21.738* 633 11 15 2.362 




46.601 8.876 19.047 13.399 22.331* 626 11 17 2.641 
2 49.684 8.429 16.965 10.316 17.913* 642 11 19 2.929 




49.365 9.325 18.890 0.635 1.270 640 11 19 3.001 
2 47.378 8.057 17.005 2.622 5.245 630 11 17 2.627 




47.955 9.381 19.562 7.955 19.889* 635 11 18 2.856 
2 49.380 8.240 16.688 9.380 23.449* 641 11 17 2.685 






38.388 11.958 31.150 8.388 27.961* 596 9 41 6.874 
2 36.807 11.065 30.061 6.807 22.690* 591 9 36 6.167 




19.157 3.050 15.923 0.843 4.215 537 5 5 0.964 
2 19.220 2.952 15.361 0.780 3.900 539 5 7 1.308 




9.652 1.404 14.551 0.349 3.485 522 3 2 0.354 
2 9.708 1.083 11.156 0.292 2.919 523 3 2 0.331 




9.730 1.144 11.754 0.270 2.699 523 3 2 0.317 
2 9.683 1.296 13.381 0.317 3.171 523 3 2 0.360 




18.951 3.376 17.813 1.049 5.247 537 5 5 0.952 
2 19.425 2.596 13.363 0.575 2.877 540 5 7 1.293 




28.826 4.662 16.712 1.174 3.913 560 7 9 1.635 
2 28.875 4.521 15.656 1.125 3.749 561 7 10 1.757 




38.540 6.201 16.089 1.460 3.649 592 9 13 2.197 
2 38.499 6.614 17.179 1.501 3.753 594 9 13 2.224 




45.003 8.517 18.925 4.997 9.994 620 10 16 2.548 
2 45.745 7.690 16.810 4.255 8.509 624 11 16 2.612 




47.549 9.143 19.229 12.451 20.752* 633 11 18 2.867 
2 51.067 9.670 18.936 8.933 14.889* 654 12 22 3.330 




47.050 8.822 18.751 12.950 21.584* 632 11 17 2.677 
2 48.393 8.356 17.266 11.607 19.345* 639 11 23 3.555 




46.619 7.695 16.507 3.381 6.762 625 11 18 2.801 
2 47.917 8.487 17.711 2.083 4.166 638 11 19 2.978 




46.659 8.492 18.200 6.659 16.647* 626 11 17 2.635 
2 48.968 8.219 16.784 8.968 22.419* 642 11 17 2.598 




42.226 11.696 27.698 12.226 40.754* 610 10 38 6.191 
2 34.748 10.091 29.041 4.748 15.827* 586 9 33 5.686 
3 37.616 10.861 28.875 7.616 25.386* 594 9 38 6.321 
23 1 20 19.304 2.570 13.316 0.696 3.482 537 5 5 0.925 
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2 19.287 2.574 13.346 0.713 3.566 539 5 7 1.286 




9.563 1.573 16.447 0.437 4.367 522 3 1 0.284 
2 9.721 1.075 11.055 0.279 2.792 523 3 2 0.373 




9.761 1.174 12.027 0.239 2.388 522 3 2 0.300 
2 9.611 1.370 14.254 0.389 3.886 523 3 2 0.362 




19.082 3.068 16.077 0.918 4.592 536 5 5 0.995 
2 19.493 2.521 12.933 0.507 2.537 539 5 7 1.239 




28.827 4.620 16.026 1.173 3.909 558 7 9 1.540 
2 28.870 4.681 16.214 1.130 3.768 563 7 10 1.831 




38.679 6.145 15.888 1.321 3.302 592 9 11 1.822 
2 38.475 6.525 16.960 1.525 3.812 594 9 13 2.187 




46. 715 8.964 19.189 3.285 6.571 624 11 18 2.907 
2 46.064 9.110 19.778 3.936 7.871 635 11 19 2.935 




46.523 8.903 19.136 13.477 22.461* 626 11 17 2.666 
2 47.985 10.520 21.923 12.015 20.025* 654 12 20 3.007 




44.798 7.516 16.777 15.202 25.337* 615 10 16 2.561 
2 46.798 7.761 16.585 13.202 22.003* 644 11 19 2.960 




51.133 8.759 17.129 1.133 2.265 643 11 19 2.932 
2 48.786 8.660 17.751 1.214 2.428 654 12 19 2.972 




48.976 10.478 21.393 8.976 22.441* 636 11 18 2.846 
2 47.125 8.237 17.478 7.125 17.813* 644 11 20 3.167 




37.057 11.710 31.599 7.057 23.523* 590 9 40 6.781 
2 39.440 11.997 30.417 9.440 31.468* 611 10 44 7.135 




19.232 2.673 13.898 0.768 3.841 536 5 5 0.961 
2 19.161 2.995 15.629 0.839 4.194 540 5 7 1.350 




9.764 1.186 12.145 0.236 2.356 522 3 2 0.293 
2 9.744 1.030 10.571 0.256 2.555 524 3 2 0.392 
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3 9.724 1.096 11.274 0.276 2.763 523 3 2 0.301 
Notes:  * - Percent Error ≥ 10% 
SD – Standard Deviation 
COV – Coefficient of Variance 
 
Figure 6.7 (below) shows the corresponding full profiles for the Alicat and wPUM. These 
responses resemble the Blu E-Cig responses since there is a difference between the measured 
Alicat flow rates and target Input File for the ECES.   
Zoom Ecig – RIT Flow Rate Calibration – Full Series Profile Protocol – Trial 1 
 
 





Zoom Ecig – RIT Flow Rate Calibration – Full Series Profile Protocol – Trial 3 
 
 
Figure 6.7: Image of full profile for Zoom E-Cig Aim 2.1 RIT Flow Rate Calibration – Full Series Profile puff 
analysis of Input File, Alicat, and wPUM Files. PES sampling rate = 0.05s, Alicat sampling rate = 0.01s and wPUM 
sampling rate = 0.025s. 
Images of each puff for the Zoom E-Cig are provided in Figure 6.8 (below). This data, like the Blu 
E-Cig, has puffs that have a ≥ 10% difference between the measured and target flow rate values. 
The unique behavior that qualitatively observed for Puff #10, #22 and #34 also occurs with Zoom 
however Puff #21 and #33 also have the same response. This means for the Zoom E-Cig condition 
this unexpected behavior occurs at either a flow rate of 30 mL/s or 40mL/s on the decreasing puff 
flow rate section of each sequence.  
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Puff #1: 10 mL/s 
 
Puff #2: 20 mL/s 
 
Puff #3: 30 mL/s 
 
Puff #4: 40 mL/s 
 
Puff #5: 50 mL/s *
 




Puff #7: 60 mL/s *
 
Puff #8: 50 mL/s 
 
Puff #9: 40 mL/s *
 
Puff #10: 30 mL/s *
 
Puff #11: 20 mL/s
 




Puff #13: 10 mL/s
 
Puff #14: 20 mL/s
 
Puff #15: 30 mL/s
 
Puff #16: 40 mL/s
 
Puff #17: 50 mL/s *
 




Puff #19: 60 mL/s *
 
Puff #20: 50 mL/s *
 
Puff #21: 40 mL/s *
 
Puff #22: 30 mL/s *
 
Puff #23: 20 mL/s
 




Puff #25: 10 mL/s
 
Puff #26: 20 mL/s
 
Puff #27: 30 mL/s
 
Puff #28: 40 mL/s
 
Puff #29: 50 mL/s
 




Puff #31: 60 mL/s *
 
Puff #32: 50 mL/s
 
Puff #33: 40 mL/s *
 
Puff #34: 30 mL/s *
 
Puff #35: 20 mL/s
 
Puff #36: 10 mL/s
 
Notes: * - Percent Error ≥ 10% 
Figure 6.8: Zoom E-Cig Aim 2.1 RIT Flow Rate Calibration – Full Series Profile puff analysis of Input File, Alicat, 
and wPUM Files. PES sampling rate = 0.05s, Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 
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The measured flow rates, standard deviation and coefficient of variance for both the Alicat and 
wPUM are reported in Table 6.3 (below). The absolute difference and percent error between the 
measured Alicat puff flow rate and target puff flow rate from the Input File for the PES are also 
provided. 







































9.681 1.155 11.929 0.319 3.187 523 3 3 0.537 
2 9.761 1.126 11.531 0.239 2.388 522 3 1 0.217 




19.314 2.715 14.059 0.686 3.431 537 5 5 0.915 
2 19.225 2.960 15.398 0.775 3.875 537 5 4 0.837 




29.116 3.822 13.127 0.884 2.947 559 7 8 1.427 
2 28.576 5.903 20.658 1.424 4.747 560 7 5 0.873 




38.640 6.333 16.391 1.360 3.400 591 9 10 1.721 
2 38.584 6.504 16.856 1.416 3.540 594 9 8 1.417 




46.496 8.749 18.818 3.504 7.007 625 11 15 2.341 
2 46.275 9.180 19.837 3.725 7.450 636 11 16 2.471 




46.379 7.820 16.862 13.621 22.702* 623 11 15 2.408 
2 46.172 9.830 21.290 13.828 23.046* 640 11 12 1.908 




46.451 8.843 19.037 13.549 22.581* 626 11 16 2.509 
2 48.113 9.267 19.261 11.887 19.812* 646 12 16 2.527 




49.354 9.525 19.299 0.646 1.291 639 11 17 2.627 
2 47.129 9.458 20.068 2.871 5.742 642 11 12 1.879 




46.156 8.832 19.135 6.156 15.390* 623 11 16 2.620 
2 52.524 10.942 20.832 12.524 31.311* 673 13 18 2.669 






40.068 13.002 32.449 10.068 33.562* 605 10 40 6.602 
2 34.428 12.393 35.996 4.428 14.760* 589 9 49 8.360 




19.237 2.775 14.424 0.763 3.816 538 5 4 0.818 
2 19.448 2.481 12.756 0.552 2.762 539 5 4 0.814 




9.720 1.153 11.866 0.280 2.805 523 3 2 0.301 
2 9.703 1.247 12.852 0.297 2.966 523 3 1 0.229 




9.764 0.997 10.216 0.236 2.359 523 3 1 0.234 
2 9.678 1.204 12.442 0.322 3.224 523 3 1 0.220 




19.178 2.873 14.982 0.822 4.112 537 5 4 0.783 
2 19.280 2.592 13.447 0.720 3.601 538 5 3 0.591 




28.955 4.794 16.558 1.738 4.344 561 7 6 1.000 
2 28.843 4.586 15.900 1.157 3.856 560 7 7 1.203 




38.262 7.151 18.688 1.738 4.344 593 9 8 1.293 
2 38.299 7.362 19.224 1.701 4.252 593 9 10 1.693 




46.073 8.787 19.071 3.927 7.854 625 11 11 1.837 
2 47.281 8.148 17.233 2.719 5.437 634 11 13 2.096 




45.515 8.717 19.151 14.485 24.142* 622 11 13 2.156 
2 47.429 9.218 19.436 12.571 20.952* 639 11 13 2.048 




50.160 9.542 19.023 9.840 16.401* 645 12 14 2.217 
2 46.533 9.016 19.376 13.467 22.445* 634 11 14 2.142 




46.686 9.196 19.698 3.314 6.627 629 11 13 2.020 
2 56.326 11.036 19.593 6.326 12.652* 690 13 23 3.285 




50.767 10.092 19.879 10.767 26.919* 649 12 18 2.798 
2 49.693 11.782 23.709 9.693 24.231* 652 12 38 5.815 




35.741 11.601 32.460 5.741 19.135* 589 9 36 6.191 
2 28.822 4.702 16.313 1.178 3.928 562 7 7 1.226 
3 41.828 10.744 25.686 11.828 39.425* 605 10 30 4.952 
23 1 20 19.372 2.779 14.346 0.628 3.141 538 5 4 0.775 
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2 19.269 2.537 13.167 0.731 3.655 538 5 3 0.598 




9.678 1.133 11.711 0.322 3.223 523 3 1 0.222 
2 9.746 1.173 12.039 0.254 2.539 523 3 1 0.213 




9.645 1.311 13.591 0.355 3.550 523 3 1 0.227 
2 9.787 0.995 10.172 0.213 2.134 523 3 1 0.189 




19.186 2.796 14.571 0.814 4.072 538 5 3 0.569 
2 19.253 2.789 14.488 0.747 3.733 537 5 4 0.684 




28.919 4.745 16.409 1.081 3.602 561 7 5 0.961 
2 29.073 3.838 13.200 0.927 3.089 560 7 5 0.870 




38.368 6.478 16.884 1.632 4.080 593 9 8 1.395 
2 38.488 6.562 17.051 1.512 3.780 591 9 9 1.501 




46.263 9.104 19.678 3.737 7.474 627 11 15 2.412 
2 45.094 8.597 19.064 4.906 9.812 620 10 13 2.031 




48.346 9.579 19.813 11.654 19.424* 638 11 17 2.647 
2 45.245 7.386 16.325 14.755 24.591* 620 10 12 1.938 




47.230 9.256 19.598 12.770 21.283* 632 11 13 2.044 
2 48.397 9.301 19.218 11.603 19.339* 640 11 15 2.374 




47.639 9.296 19.513 2.361 4.722 633 11 17 2.732 
2 45.307 8.854 19.542 4.693 9.385 625 11 14 2.261 




47.363 9.228 19.483 7.363 18.408* 634 11 13 2.074 
2 47.090 9.166 19.466 7.090 17.726* 633 11 13 2.015 




38.262 11.439 29.897 8.262 27.541* 597 9 37 6.126 
2 44.809 9.955 22.218 14.809 49.362* 623 11 25 4.084 




19.281 2.735 14.184 0.719 3.596 538 5 4 0.759 
2 19.069 3.266 17.128 0.931 4.653 538 5 4 0.682 




9.656 1.281 13.267 0.344 3.444 523 3 1 0.221 
2 9.803 0.861 8.780 0.197 1.972 523 3 1 0.170 
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3 9.744 1.037 10.643 0.256 2.558 522 3 1 0.151 
Notes:  * - Percent Error ≥ 10% 
SD – Standard Deviation 
COV – Coefficient of Variance 
 
The full profiles for the Alicat and wPUM corresponding to the RIT Flow Rate Calibration 
protocol are provided in Figure 6.9 (below) for the NJoy E-Cig. These responses resemble both 
the Blu and Zoom E-Cig responses since there is a difference between the measured Alicat flow 
rates and target Input File for the PES.   
NJoy Ecig – RIT Flow Rate Calibration – Full Series Profile Protocol – Trial 1 
 
 





NJoy Ecig – RIT Flow Rate Calibration – Full Series Profile Protocol – Trial 3 
 
 
Figure 6.9: Image of full profile for NJoy E-Cig Aim 2.1 RIT Flow Rate Calibration – Full Series Profile puff 
analysis of Input File, Alicat, and wPUM Files. PES sampling rate = 0.05s, Alicat sampling rate = 0.01s and wPUM 
sampling rate = 0.025s. 
The NJoy E-Cig zoomed in images are provided in Figure 6.10 (below). This data resembles the 
same responses from both the Blu E-Cig and Zoom E-Cig. The unique behavior was qualitatively 
observed for Puff #9, #21 and #33. This changed flow rate values compared to the Blu E-Cig. For 
the NJoy E-Cig condition this unexpected behavior occurs at a flow rate of 40mL/s on the 
decreasing puff flow rate section of each sequence.  
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Puff #1: 10 mL/s 
 
Puff #2: 20 mL/s 
 
Puff #3: 30 mL/s 
 
Puff #4: 40 mL/s 
 
Puff #5: 50 mL/s *
 




Puff #7: 60 mL/s *
 
Puff #8: 50 mL/s 
 
Puff #9: 40 mL/s *
 
Puff #10: 30 mL/s 
 
Puff #11: 20 mL/s
 




Puff #13: 10 mL/s
 
Puff #14: 20 mL/s
 
Puff #15: 30 mL/s
 
Puff #16: 40 mL/s
 
Puff #17: 50 mL/s
 




Puff #19: 60 mL/s *
 
Puff #20: 50 mL/s
 
Puff #21: 40 mL/s *
 
Puff #22: 30 mL/s
 
Puff #23: 20 mL/s
 




Puff #25: 10 mL/s
 
Puff #26: 20 mL/s
 
Puff #27: 30 mL/s
 
Puff #28: 40 mL/s
 
Puff #29: 50 mL/s
 




Puff #31: 60 mL/s
 
Puff #32: 50 mL/s
 
Puff #33: 40 mL/s *
 
Puff #34: 30 mL/s
 
Puff #35: 20 mL/s
 
Puff #36: 10 mL/s
 
Notes: * - Percent Error ≥ 10% 
Figure 6.10: NJoy E-Cig Aim 2.1 RIT Flow Rate Calibration – Full Series Profile puff analysis of Input File, Alicat, 
and wPUM Files. PES sampling rate = 0.05s, Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 
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Table 6.4 (below) reported the measured flow rates, standard deviation and coefficient of variance 
for both the Alicat and wPUM. The absolute difference and percent error between the measured 
Alicat puff flow rate and target puff flow rate from the Input File for the PES are also provided.  







































9.738 1.199 12.315 0.262 2.622 524 4 2 0.363 
2 9.790 0.943 9.627 0.210 2.100 522 3 1 0.193 




19.243 2.727 14.170 0.757 3.786 543 6 6 1.130 
2 19.287 2.627 13.619 0.713 3.566 536 5 10 1.845 




28.803 4.639 16.107 1.197 3.988 572 8 8 1.335 
2 28.832 4.905 17.013 1.168 3.895 560 7 7 1.169 




38.960 6.246 16.031 1.040 2.600 618 10 16 2.527 
2 38.658 7.156 18.511 1.342 3.356 592 9 9 1.459 




47.688 9.014 18.902 2.312 4.623 683 13 18 2.606 
2 47.744 8.892 18.625 2.256 4.512 629 11 15 2.317 




50.526 9.630 19.059 9.474 15.789* 716 14 25 3.511 
2 52.069 10.066 19.332 7.931 13.219* 653 12 12 1.859 




52.383 10.187 19.446 7.617 12.695* 767 16 40 5.260 
2 54.095 9.609 17.763 5.905 9.841 661 12 17 2.590 




51.633 8.719 16.887 1.663 3.266 765 16 30 3.985 
2 52.401 8.905 16.994 2.401 4.801 652 12 15 2.375 




45.837 10.142 22.127 5.837 14.593* 700 14 73 10.380 
2 42.331 9.741 23.012 2.331 5.826 609 10 31 5.154 
3 47.078 11.036 23.442 7.078 17.696* 632 11 26 4.185 
10 1 30 28.622 5.403 18.876 1.378 4.594 577 8 12 2.106 
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2 28.598 5.237 18.311 1.402 4.672 560 7 8 1.397 




19.201 2.897 15.086 0.799 3.994 546 6 6 1.131 
2 19.243 3.014 15.664 0.757 3.786 538 5 6 1.080 




9.518 1.594 16.748 0.482 4.815 525 4 2 0.309 
2 9.763 1.028 10.525 0.237 2.372 522 3 2 0.332 




9.552 1.566 16.393 0.448 4.480 525 4 2 0.439 
2 9.780 1.180 12.063 0.220 2.197 522 3 1 0.235 




19.182 2.861 14.912 0.818 4.089 546 6 6 1.133 
2 19.220 2.663 13.857 0.780 3.901 537 5 4 0.795 




29.143 4.686 16.081 0.857 2.857 580 8 10 1.765 
2 28.902 4.772 16.510 1.098 3.662 560 7 6 1.143 




38.622 6.677 17.287 1.378 3.444 629 11 15 2.400 
2 38.552 6.783 17.596 1.448 3.621 593 9 8 1.403 




47.379 8.094 17.803 2.621 5.242 736 15 31 4.249 
2 46.989 9.331 19.859 3.011 6.023 629 11 12 1.840 




51.774 8.753 16.906 8.226 13.711* 771 16 26 3.338 
2 52.898 11.163 21.102 7.102 11.837* 662 12 14 2.156 




52.022 10.343 19.881 7.978 13.296* 773 16 27 3.538 
2 52.006 10.453 20.100 7.994 13.324* 656 12 15 2.256 




49.998 10.635 21.270 0.002 0.004 757 16 29 3.828 
2 52.859 10.517 19.897 2.859 5.718 662 12 16 2.348 




45.317 12.202 26.925 5.317 13.292* 699 14 76 10.911 
2 42.691 10.761 25.206 2.691 6.728 613 10 41 6.610 




29.143 4.582 15.722 0.857 2.857 576 8 10 1.753 
2 28.895 4.812 16.654 1.105 3.683 562 7 7 1.285 




19.260 2.977 15.456 0.740 3.700 546 6 8 1.463 
2 19.284 2.915 15.119 0.716 3.581 538 5 6 1.050 
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9.710 1.139 11.735 0.290 2.901 525 4 1 0.282 
2 9.889 0.869 8.783 0.111 1.115 523 3 1 0.249 




9.745 1.027 10.535 0.255 2.547 525 4 1 0.258 
2 9.737 1.154 11.852 0.263 2.633 523 3 2 0.421 




19.127 3.209 16.776 0.873 4.363 546 6 6 1.191 
2 19.254 2.721 14.132 0.746 3.729 538 5 4 0.754 




28.873 4.796 16.610 1.127 3.757 576 8 8 1.334 
2 28.850 4.414 15.300 1.150 3.834 560 7 6 1.009 




39.013 6.135 15.726 0.987 2.467 625 11 17 2.796 
2 38.689 6.430 16.620 1.311 3.277 592 7 6 1.460 




47.131 9.649 20.473 2.869 5.737 728 15 22 3.072 
2 47.391 9.268 19.556 2.609 5.217 631 11 14 2.271 




49.152 9.924 20.190 10.848 18.081* 745 15 24 3.285 
2 53.072 8.663 16.323 6.928 11.547* 659 12 15 2.287 




55.380 9.704 17.523 4.620 7.700 774 16 36 4.615 
2 56.631 11.989 21.170 3.369 5.616 689 13 16 2.365 




53.357 10.245 19.201 3.357 6.713 750 15 26 3.506 
2 52.806 9.354 17.713 2.806 5.612 658 12 17 2.652 




42.413 9.077 21.402 2.413 6.033 645 12 45 6.956 
2 39.133 7.192 18.378 0.867 2.167 596 9 11 1.813 




29.118 3.947 13.554 0.882 2.941 575 8 11 1.856 
2 29.209 4.525 15.493 0.791 2.636 561 7 9 1.553 




19.113 3.311 17.324 0.887 4.437 545 6 5 0.964 
2 19.167 3.515 18.339 0.833 4.163 539 5 7 1.354 




9.713 1.137 11.706 0.287 2.873 525 4 1 0.279 
2 9.679 1.290 13.333 0.321 3.212 523 3 1 0.166 
3 9.697 1.158 11.942 0.303 3.034 523 3 1 0.167 
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Notes:  * - Percent Error ≥ 10% 
SD – Standard Deviation 
COV – Coefficient of Variance 
6.3.3 Discussion of Results 
The data measured from the Alicat and wPUM with and without electronic cigarettes presented in 
Figures 6.4 (above), 6.6 (above), 6.8 (above), and 6.10 (above) were fairly consistent. However, 
there were a few anomalies that were inconsistent and unexpected responses at specific flow rate 
values of 30mL/s or 40mL/s always occurring in the decreasing flow rate section of the puff 
sequence. The data followed the same plotting features as Aim 1 utilizing straight lines in order to 
mitigate smoothing effects.  
In an effort to understand how the anomalies and other measured data affected the difference 
between the measured and target flow rate values, histograms of the Absolute Flow Rate Error 
(mL/s) and Percent Flow Rate Error (%) for the Alicat were created and are identified in Figure 
6.11 (below) and 6.12 (below).  
 
Figure 6.11: Histogram of Aim 2.1 Alicat Absolute Time Error (s). 
The measured Alicat flow rate values were determined the same way as Aim 1.2 by taking the 
mean over the entire puff duration at a specific flow rate. This method has its limitations due to 
the sampling rate of each instrument as well as encompassing data such as overshoot and 
undershoot which could deviate the mean substantially depending on the severity of the response. 
However, this method was chosen to encompass those associated errors and was consistent 
throughout the study. The bins selected in Figure 6.11 (above) initially ranges 0.05mL/s until an 
Absolute Flow Rate Error = 5mL/s where the range changes to 1mL/s increments and eventually 
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change again at Absolute Flow Rate Error = 10mL/s where the rest of the ranges are 10mL/s 
increments. These bins were selected arbitrarily and stay consistent throughout this chapter. It can 
be observed that the times where the majority of error occurs are at 0 ≤ Absolute Flow Rate Error 
≤ 1.5 seconds with 240 occurrences, which represents 55.55% of the data set. These occurrences 
where not testing condition specific however there were more reported occurrence for both the No 
E-Cig and NJoy E-Cig in this specific region. No E-Cig had 68 occurrences, Blu E-Cig had 55, 
Zoom E-Cig had 50 and N-Joy E-Cig had 67. The number of occurrences after an absolute time 
error equal to 1.5 seconds are exceptionally lower until an Absolute Time Error larger than 10% 
is reached which has 42 occurrences which accounts for 9.72% of the data set. This data was only 
associated with electronic cigarettes. The Blu E-Cig had 18 occurrences, the Zoom E-Cig had 21, 
and the NJoy E-Cig had 3. None of the anomalies for the Blu E-Cig accounted within an Absolute 
Flow Rate Error ≤ 10% however, all the anomalies for the Zoom E-Cig did and 2 of the 3 for NJoy 
did as well. This suggests that the unexpected anomaly had different effects on the measured flow 
rates for the different brands of electronic cigarettes. The flow rate value that had the largest 
Absolute Flow Rate Error was at 60mL/s. It can be qualitatively observed in Figures 6.5 (above), 
6.7 (above) and 6.9 (above) that the Alicat was unable to measure the target puff flow rate of 
60mL/s. 
 
Figure 6.12: Histogram of Aim 2.1 Alicat Percent Time Error (%). 
The highest number of occurrences at any given bin, 92, for the Alicat percent flow rate error occur 
at 3.5 ≤ Percent Flow Rate Error (%) ≤ 4. This accounted for 21.29% of the data set. In the 
histogram there are two regions where the majority of the percent flow rate error occurs between 
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2 – 8 %, with 321 occurrences or 74.30% of the data set, and between 10 – 30 %, with 84 
occurrences or 19.44% of the data set.  There does not seem to be a specific trend in this histogram. 
In order to investigate if a specific brand or flow rate accounted for the error above 10% a plot was 
created showing the number of occurrences at specific flow rates in Figure 6.13 (below).  
 
Figure 6.13: Plot of Number of Occurrences for Alicat at Percent Error ≥ 10% for given Puff Flow Rates (mL/s) for 
Aim 2.1. 
It can be observed that the flow rates where a percent error larger than 10% occurred between 
30mL/s – 60mL/s. The percent error for the 60mL/s flow rate is more consistent and concentrated 
with 50 occurrences or 54.34% of the data set, varying between 10 – 25 %, compared to the other 
flow rate values. The 30mL/s flow rate varies widely in percent error and only appears to occur 
for both the Blu and Zoom E-Cigs. The Blu E-Cig had 36 occurrences above 10%, the Zoom E-
Cig had 37, and the NJoy E-Cig had 19. This suggests that the NJoy E-Cig seems to produce less 
percent flow rate error between the target flow rate and measured flow rate compared to the Blu 
E-Cig or Zoom E-Cig.  
In order to see the influence of measured flow rate versus desired flow rate a scatter plot of all the 




Figure 6.14: Scattered plot of the Measured Flow Rate vs. Desired Flow Rate for Alicat – All Conditions.  
The theoretical expectation of our measured Alicat flow rate to desired Input File flow rate should 
have a 1:1 ratio. This means if there is a desired 10mL/s the Alicat should measure approximately 
10mL/s. However, because there is noise associated with the system we do not expect a perfect 
1:1 relationship. The plot above shows variation to that theoretical expectation especially for flow 
rates between 30mL/s – 60mL/s. To understand how much this influences the 1:1 relationship a 
linear regression was created for the various conditions of the data set. The linear regression 
follows the same physical principles that were discussed in section 2.2.2 (above).  
In order to see how well the Alicat measures the desired flow rate with No E-Cig a calibration 




Figure 6.15: No E-Cig Condition - PES Characterization Plot. This plot may be generated from the information 
contained in the PES log file, using the puffs identified in the “actual flow rate” column on the vertical axis and 
those from the “command flow rate” column on the horizontal axis. 
The linear regression line created in Microsoft Excel produced a Calibration Coefficient value of 
0.960. This means if a desired puff flow rate of 10mL/s was inputted into the PES a 9.60mL/s puff 
would be measured by the Alicat. That difference equates to a 4%. The squared residual, R2, 
equaled 1 in this plot which implies that the linear equation fits perfectly with the data for the No 
E-Cig Condition. To see how each electronic cigarette impacted the equation a plot for each 





Figure 6.16: Blu E-Cig Condition - PES Characterization Plot. This plot may be generated from the information 
contained in the PES log file, using the puffs identified in the “actual flow rate” column on the vertical axis and 
those from the “command flow rate” column on the horizontal axis. 
 
Figure 6.17: Zoom E-Cig Condition - PES Characterization Plot. This plot may be generated from the information 
contained in the PES log file, using the puffs identified in the “actual flow rate” column on the vertical axis and 




Figure 6.18: NJoy E-Cig Condition - PES Characterization Plot. This plot may be generated from the information 
contained in the PES log file, using the puffs identified in the “actual flow rate” column on the vertical axis and 
those from the “command flow rate” column on the horizontal axis. 
The linear regression lines for the electronic cigarettes deviated more compared to the No E-Cig 
condition. The Blu E-Cig produced a Calibration Coefficient of 0.928. If a desired puff flow rate 
of 10mL/s was inputted into the PES a 9.28mL/s puff would be measured by the Alicat. That 
difference equates to 7.2%. The R2 value, 0.857, in this equation is less than the No E-Cig condition 
and insinuates that there was a lot of variability between the measured data and linear regression 
line. It deviated by 14.3%. The Zoom E-Cig produced an equation similar to the Blu E-Cig with a 
Calibration Coefficient equal to 0.927. With the same desired 10mL/s puff flow rate condition 
described above a 9.27mL/s puff would be measured by the Alicat. This difference equates to 
7.3%. The R2 value, 0.843, in this equation is even lower than the one in the Blu E-Cig condition 
and indicates that there was even more variability in the Zoom data then there was in the Blu E-
Cig data.  It deviated by 15.7%. The best linear regression line for the electronic cigarette 
conditions was the NJoy E-Cig condition. It had a Calibration Coefficient value of 0.948. This 
means if a desired 10mL/s puff flow rate was prescribed a 9.48mL/s puff flow rate was measured 
from the Alicat. This difference is 5.2%. The R2 value, 0.957, in this equation modeled the NJoy 
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E-Cig condition pretty well and deviated 4.3%. Figure 6.19 (below) shows the linear regression 
equation and squared residuals associated with the Alicat under all four of the conditions.  
 
Figure 6.19: All Conditions - PES Characterization Plot. This plot may be generated from the information contained 
in the PES log file, using the puffs identified in the “actual flow rate” column on the vertical axis and those from the 
“command flow rate” column on the horizontal axis. 
The linear regression line produced under All Conditions a Calibration Coefficient of 0.941. If a 
desired puff flow rate of 10mL/s was inputted a 9.41mL/s puff would be measured by the Alicat. 
That difference equates to a 5.9%. The R2 value, 0.918, in this equation is an ok value and deviates 
by 8.2%. The results of this equation were negatively influenced by the electronic cigarettes and 
indicates that each condition needs to have a different calibration coefficient in order to produce 
correct reported flow rates. Further investigation about how to produced better linear regression 
lines for future studies is recommended.  
The data from the wPUM utilizes the same principles identified in section 2.2.2 (above). To see 
the influence each condition had on the measured data utilizing the wPUM a scatter plot was 





Figure 6.20: Scattered plot of the Desired Puff Flow Rate vs. Measure Z from wPUM – All Conditions. 
It should be noted that the axis for this scatter plot differs from the one described in Figure 6.14 
(above). The x-axis has been changed to the Measured wPUM Output and the y-axis to the Desired 
Puff Flow Rate. This illustrates the range of Z values that can produce a desired puff flow rate. In 
this plot it can be observed that a desired puff flow rate of 50mL/s and 60mL/s produced the same 
Z values which implies that there is no difference between the measured values for either of these 
cases. In order to see how well the wPUM measures to the desired puff flow rate a linear regression 





Figure 6.21: No E-Cig Condition – wPUM Manual Calibration plot. This plot may be generated from the 
information contained in the PES log file, using the puffs identified in the “desired flow rate” column on the vertical 
axis and computing the Z value from the “voltage counts” column in the wPUM log file on the horizontal axis. 
The initial difference that can be observed between the Calibration Coefficient produced from the 
Alicat compared to the wPUM is the value for the wPUM is exceptionally larger than the Alicat 
values that were produced. The linear regression line produced a Calibration Coefficient equal to 
4.631. In order to validate the reliability of this equation the linear equation produced must be 
rearranged to solve for the Measure Flow Rate in Digital Counts. The rearranged equation is 
provided below:  






If the same desired puff flow rate of 10mL/s was inputted into the PES a 517 Digital Counts puff 
would be measured by the wPUM. This value is lower than the experimental data collected. The 
measured digital counts corresponding to a 10mL/s puff were either 522 or 523 in the recorded 
data set. The R2 value equals 0.975. This deviated from a perfect fit linear equation by 2.5% which 
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is a fairly good case. To see how each electronic cigarette impacted the equation a plot for each 
condition was created and is provided in Figure 6.22 (below), 6.23 (below) and 6.24 (below).  
 
 
Figure 6.22: Blu E-Cig Condition – wPUM Manual Calibration plot. This plot may be generated from the 
information contained in the PES log file, using the puffs identified in the “desired flow rate” column on the vertical 





Figure 6.23: Zoom E-Cig Condition – wPUM Manual Calibration plot. This plot may be generated from the 
information contained in the PES log file, using the puffs identified in the “desired flow rate” column on the vertical 





Figure 6.24: NJoy E-Cig Condition – wPUM Manual Calibration plot. This plot may be generated from the 
information contained in the PES log file, using the puffs identified in the “desired flow rate” column on the vertical 
axis and computing the Z value from the “voltage counts” column in the wPUM log file on the horizontal axis. 
The R2 values produced for the electronic cigarettes utilizing the wPUM were consistent with the 
values produced from the Alicat except for the NJoy brand which was significantly lower in the 
wPUM compared to the Alicat. The Blu E-Cig produced a Calibration Coefficient = 4.430, the 
Zoom E-Cig produced a Calibration Coefficient = 4.446, and the NJoy E-Cig produced a 
Calibration Coefficient = 4.049. The NJoy E-Cig condition is the only Calibration Coefficient 
value that is exceptionally lower than any other of the testing conditions. If a desired puff flow rate 
of 10mL/s was inputted into the rearranged equation for all three brands of electronic cigarettes 
the corresponding digital count values would be Blu E-Cig = 517, Zoom E-Cig = 517, and NJoy 
E-Cig = 518. All of the linear regression equations are lower compared to the data collected. The 
R2 values for the three electronic cigarettes are Blu E-Cig = 0.853 which deviated 14.7%, Zoom 
E-Cig = 0.840 which deviated 16%, and NJoy = 0.878 which deviated 12.2%. This implies that 
the NJoy data fits the linear regression line produced better than the other two electronic cigarette 
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brands. Figure 6.25 (below) shows the linear regression equation and squared residuals associated 
with the wPUM under all four of the conditions.  
 
 
Figure 6.25: All Conditions – wPUM Manual Calibration plot. This plot may be generated from the information 
contained in the PES log file, using the puffs identified in the “desired flow rate” column on the vertical axis and 
computing the Z value from the “voltage counts” column in the wPUM log file on the horizontal axis. 
The linear regression line produced a Calibration Coefficient value of 4.369. This would produce 
a 517 digital counts value if a desired puff flow rate of 10mL/s was inputted. This value was not a 
measured value experimentally. The R2 value, 0.874, in this equation is lower than desired and 
deviates by 12.6%. These results like the ones produced in the Alicat data suggest that each testing 
condition must have its own calibration coefficient in order to produce the correct measured flow 
rates.  
Although utilizing the Input File for the PES is a good starting point to compare the measured and 
desired flow rates to create a calibration coefficient, it does not evaluate how the wPUM is 
measuring up to the real flow rate being produced which is measured by the Alicat, the primary 
instrument. For future testing it is recommended to create calibration coefficients for each testing 
260 
 
condition by plotting the measured Alicat flow rates versus the measured wPUM voltage.  Figure 
6.26 (below) shows the No E-Cig condition by plotting the two measured values against each 
other.   
 
 
Figure 6.26: No E-Cig Condition – wPUM Manual Calibration plot. This plot may be generated from the 
information contained in the PES log file, using the puffs identified in the “actual flow rate” column on the vertical 
axis and computing the Z value from the “voltage counts” column in the wPUM log file on the horizontal axis.  
In this calibration relationship the measured data no longer lies on a specific x or y value instead 
there is a range in both directions creating a circular area for a desired puff flow rate value. It can 
be observed that the scatter of the data stays confined and begins to expand slightly as the flow 
rate increases. The linear regression line produced for the No E-Cig condition gave a Calibration 
Coefficient = 4.449. The R2 value was 0.976 which only deviated from a perfectly fit linear 
regression by 2.4%. This suggests that both instruments, Alicat and wPUM, are measuring fairly 
close amongst each other. In order to see how the electronic cigarettes impacted the produced 
linear regressions plots for each brand were created and are identified in Figures 6.27 (below), 





Figure 6.27: Blu E-Cig Condition – wPUM Manual Calibration plot. This plot may be generated from the 
information contained in the PES log file, using the puffs identified in the “actual flow rate” column on the vertical 





Figure 6.28: Zoom E-Cig Condition – wPUM Manual Calibration plot. This plot may be generated from the 
information contained in the PES log file, using the puffs identified in the “actual flow rate” column on the vertical 





Figure 6.29: NJoy E-Cig Condition – wPUM Manual Calibration plot. This plot may be generated from the 
information contained in the PES log file, using the puffs identified in the “actual flow rate” column on the vertical 
axis and computing the Z value from the “voltage counts” column in the wPUM log file on the horizontal axis. 
The linear regression lines for the electronic cigarettes deviated substantially from the No E-Cig 
condition with produced Calibration Coefficients but, maintained the best R2 values seen for 
electronic cigarettes compared to the Alicat versus Desired and wPUM versus Desired cases 
mentioned above. The Blu E-Cig produced a Calibration Coefficient = 4.215, the Zoom E-Cig 
produced a Calibration Coefficient = 4.235, and the NJoy E-Cig produced a Calibration Coefficient 
= 3.866. The NJoy E-Cig condition was the lowest produced Calibration Coefficient value 
produced thus far for any of the conditions tested. The R2 values for the three electronic cigarettes 
were Blu E-Cig = 0.978 which deviated 2.2%, Zoom E-Cig = 0.98 which deviated 2%, and NJoy 
= 0.909 which deviated 9.1%. This implies that NJoy in this case did not fit the linear regression 
line produced better than the other two electronic cigarette brands like previously observed. Figure 






Figure 6.30: All Conditions – wPUM Manual Calibration plot. This plot may be generated from the information 
contained in the PES log file, using the puffs identified in the “actual flow rate” column on the vertical axis and 
computing the Z value from the “voltage counts” column in the wPUM log file on the horizontal axis. 
The linear regression line produced a Calibration Coefficient = 4.171 with a R2 value of 0.945. 
This squared residuals value is the best value produced for the All Conditions case compared to 
the two previously mentioned. In this equation it only deviated by 5.5%. These results were 
negatively influenced by the NJoy E-Cig results. These results like the two produced in the Alicat 
and wPUM data suggest that each testing condition must have its own calibration coefficient in 
order to produce the correct measured flow rates. 
Table 6.5 (below) shows all the calibration coefficients and squared residuals for all fifteen of the 
cases presented in this section.  
Table 6.5: Results from the various testing conditions of Measured vs. Desired puff flow rates.  
Case Study Condition Calibration Coefficient Squared Residuals 
Measured Alicat vs. Desired 
No E-Cig 0.960 1.000 
Blu E-Cig 0.928 0.857 
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Zoom E-Cig 0.927 0.843 
NJoy E-Cig 0.948 0.957 
All 0.941 0.918 
Desired vs. Measured wPUM 
No E-Cig 4.631 0.975 
Blu E-Cig 4.430 0.853 
Zoom E-Cig 4.446 0.840 
NJoy E-Cig 4.049 0.878 
All 4.369 0.874 
Measured Alicat vs. Measured wPUM 
No E-Cig 4.449 0.976 
Blu E-Cig 4.215 0.978 
Zoom E-Cig 4.235 0.980 
NJoy E-Cig 3.866 0.909 
All 4.171 0.945 
 
6.3.4 Conclusions 
This study wanted to validate the ability of the wPUM to detect the RIT Flow Rate Calibration – 
Full Series Profile in order to produce a Calibration Coefficient between Measured and Desired 
puff flow rates. It was able to do this effectively but produced results that varied and could impact 
the reported flow rates if not used properly. Moving forward the analysis of this data will need to 
be conducted utilizing Matlab instead of Microsoft Excel in order to process data faster and more 
efficiently. Aim 2.2 (below) describes this transition. 
6.4 AIM 2.2 – WPUM DETECTING RIT FLOW RATE CALIBRATION – FULL SERIES 
PROFILE UTILIZING MATLAB ALGORITHM IN ORDER TO PRODUCE A 
CALIBRATION COEFFICIENT 
6.4.1 Experimental Procedures 
This study utilizes the same collected data from Aim 2.1 (above) but utilizes Matlab to process the 
data. The Alicat data will not be included in this specific aim because the TAP is unable to process 
Alicat data. Moving forward it is recommended to modify the TAP in order to analyze both the 
Alicat and wPUM data. The experimental procedure used in this study is referenced in section 
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2.2.2 (above). An example of one of the Analysis Protocols used in this test is provided in Table 
6.6 (below).  
Table 6.6: Example of an Analysis Protocol for one file.  











Data – Blu E-Cig – 
Trial 1.TXT 
Input File for ECES - 
2015CalibrationProtocol.csv 
Good  No No 
wPUMCalibration 
wPUM Measured 
Data – Blu E-Cig – 
Trial 2.TXT 
Input File for ECES - 
2015CalibrationProtocol.csv 
Good  No No 
wPUMCalibration 
wPUM Measured 
Data – Blu E-Cig – 
Trial 3.TXT 
Input File for ECES - 
2015CalibrationProtocol.csv 
Good  No No 
 
Before running the TAP the following sections of code must be altered in order to ensure the 
correct data is being analyzed. These were the specific modifications made for this test. It should 
be noted in order to create a calibration coefficient the Voltage Cutoff value needed to be modified 
to a value of 2 instead of 15 because a 10mL/s puff was within the associated noise region.  
Pathname='C:\Users\Karina\Documents\KarinaRoundtree\web\private\
WorkingFiles\Data Processing\'; %Location on disk  
inputfoldername = strcat(pathname,'Aim 2\'); %Location of input 
data 
outputfoldername = strcat(pathname,'Aim 2\'); %Location where data 
will be outputted 
subjectnamecelldata = { 'Aim 2 Blu\'; 'Aim 2 Njoy\'; 'Aim 2 No 
Ecig\'; 'Aim 2 Zoom\'; } ; %Location of each testing condition 
% Add a new folder to the array below if more testing conditions 
are evaluated 
% Remember the end back slash on the right side 
 
else                                % OCTAVE CODE 
 




pathname='..\'; % Location on disk 
 
inputfoldername  = strcat(pathname,'..\Aim 2\'); %Location of 
input data 
  
outputfoldername = strcat(pathname,'Aim 2\'); %Location where 
data will be outputted 
6.4.2 Results 
Calibration plots were generated utilizing the TAP in order to validate the capability of the wPUM 
to detect the target RIT Flow Rate Calibration – Full Series Profile. Figures 6.32 (below) 
corresponds to the No E-Cig condition. Each Trial has five plots identified. The first top plot is the 
wPUM puffing session with a y-axis measured in Digital Counts. Right below the second plot 
flags the puffs it detects utilizing all the initial characteristics in the TAP with the modification to 
the Voltage Cutoff value. The third plot is the Input File for the PES with a y-axis in mL/s with its 
corresponding flagged puffs in the plot below. The last plot is the calibration plot that has the 
Desired Puff Flow Rate in mL/s vs. the Measured wPUM Voltage in Digital Counts. 






Figure 6.31: No E-Cig – RIT Flow Rate Calibration – Full Series Profile.  
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The Blu E-Cig, Figure 6.33 (below), the Zoom E-Cig, Figure 6.34 (below), and the NJoy E-Cig, 
Figure 6.35 (below), plots are provided.  






Figure 6.32: Blu E-Cig – RIT Flow Rate Calibration – Full Series Profile. 
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Figure 6.33: Zoom E-Cig – RIT Flow Rate Calibration – Full Series Profile. 








Figure 6.34: NJoy E-Cig – RIT Flow Rate Calibration – Full Series Profile. 
In addition to the plots, information about each test ran is provided in the Matlab command window 
and the Table 0 table created. An example of the information outputted is provided below. 
* * * Puffing session data analysis * * *   
 * * * * * * Beginning Analysis of Subject Data  * * * * * * * * * * * *   
             Subject Data Folder: Aim 2 Blu\   
 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *   
             Analysis Protocol File for this Subject series: AnalysisProtocol.csv   
 * * * Conducting wPUM Calibration * * *   
         wPUM Voltage Data in file: wPUM Measured Data - Blu E-Cig - Trial 1.TXT   
ReadPuffDataFile(): fullpath 
C:\Users\Karina\Documents\KarinaRoundtree\web\private\WorkingFiles\Data Processing\Aim 
2\Aim 2 Blu\wPUM Measured Data - Blu E-Cig - Trial 1.TXT 
ReadPuffDataFile(): Size of data=16403 
numdata1 16402 
 Number of puffs taken 109  
 Consolidated number of puffs 36  
 Number of consolidated puffs exceeding minimum duration:  36  






2\Aim 2 Blu\Input File for ECES - 2015CalibrationProtocol.csv 
ReadPuffDataFile(): Size of data=7300 
 Number of puffs taken 36  
 Consolidated number of puffs 36  
 Number of consolidated puffs exceeding minimum duration:  36  
wPUM Device ID Number: Device_Id_Number,1wPUM Software Version: 
Software_Code_Version,2.1.1  
         Calibration coefficient is:     4.7779349  
         Number of calibration puffs based on voltage data:  36  
         Number of calibration puffs based on flow rate data:  36  
6.4.3 Discussion of Results 
To compare the impact of the Calibration Coefficient on puff flow rates in digital counts the data 
from Aim 2.1 and 2.2 are compared in Table 6.7 (below). In order to generate one calibration 
coefficient for Aim 2.2 the average of the three calibration coefficients corresponding to each trial 
was taken.  
Table 6.7: wPUM Calibration Coefficient values for Aim 2.1 and 2.2 at a Desired Puff Flow Rate = 10mL/s. 
Testing 
Condition 
Aim 2.1 – Manual Calibration Aim 2.2 – TAP Calibration 
Calibration 
Coefficient 
Output Flow Rate (Digital 




Output Flow Rate (Digital 
Counts) if Desired 10mL/s 
Puff 
No E-Cig 4.631 517 4.950 516 
Blu E-Cig 4.430 517 4.695 517 
Zoom E-Cig 4.446 517 4.709 517 
NJoy E-Cig 4.049 518 4.367 517 
All 4.369 517 4.680 517 
 
From the data collected it can be observed that both the Manual Calibration conducted in Excel 
and the TAP Calibration produced the same corresponding digital count for a desired 10mL/s puff 
even though the Calibration Coefficient values were different. A Calibration Coefficient value 




)would produce an output voltage of 516 – 518 
digital counts if a 10mL/s flow rate was used. This affirms that the TAP program is functioning 
correctly since the produced Calibration Coefficient values fall within that range. However, it 
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should be noted that the measured raw data produced a 522 – 523 digital counts response when a 
10mL/s desired puff was inputted. Utilizing the Measured Alicat Flow Rate instead of the Input 
File for the PES to create a calibration coefficient for the wPUM could potentially reflect closer 
digital count values to the raw data collected.  
6.4.4 Conclusions 
This study wanted to validate the ability of the TAP to detect the RIT Flow Rate Calibration – Full 
Series Profile in order to produce a Calibration Coefficient between Measured and Desired puff 
flow rates. It was able to do this however, the TAP had to have a modified Voltage Cutoff value 
in order to produce 36 puffs.  For future studies it is recommended to modify the RIT Flow Rate 
Calibration - Full Series Profile to start at 15mL/s instead of 10mL/s to ensure that it is outside the 
associated noise region in order to produce a Calibration Coefficient. This will then support the 
recommendation that every testing condition has its own Calibration Coefficient.  
6.5 CONCLUSIONS 
This study wanted to validate the ability of the wPUM to detect the RIT Flow Rate Calibration – 
Full Series Profile utilizing both Microsoft Excel and the TAP algorithm. It was able to do so in 
both conditions however, the following list of recommendations is provided in order to mitigate 
errors associated with this study for the future: 
1) In order to produce the best calibration coefficient describing the system, Measured Alicat 
Flow Rate versus Measured wPUM Voltage should be used since the Alicat measuring the 
instantaneous flow rate at a specific time instead of the Input File for the PES.  
2) Each testing condition, No E-Cig versus electronic cigarette brands, needs to have their 
own Calibration Coefficient in order to produce correct flow rates values. In this study the 
No E-Cig condition produced the highest Calibration Coefficient values compared to the 
three brand of electronic cigarettes in both the Manual and TAP process. The NJoy E-Cig 
condition produced the lowest Calibration Coefficient values for both the Manual and TAP 
process compared to the other two brands of electronic cigarettes. 
3) Modify the RIT Flow Rate Calibration – Full Series Profile to vary between 15mL/s – 
50mL/s. This will ensure that in the lower limit the digital counts will be outside of the 
noise region, allowing the TAP to detect 36 puffs and produce a different calibration 
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coefficient instead of the default value, and at the higher limit saturation of the PES will 
not be reached ensuring reliable data.   
By taking these recommendations into consideration the reported puff flow rates will produce 
accurate data with minimal associated error. 
7 CHAPTER 7: AIM 3 - VALIDATION IN LABORATORY STANDARD 
TESTING CONDITIONS 
7.1 EXPERIMENTAL APPARATUS AND TAP PROTOCOL 
The following experimental apparatus used in this study is referenced in section 5.1 (aboveError! 
Reference source not found.) and the TAP apparatus is referenced in section 6.4.1 (above). 
This section will present an example applying TAP with data generated with the experimental 
apparatus. The example will use Aim 1.1 Trail 3 No E-Cig condition as the input data and will 
present the puffing topography that will be computed using the TAP. Figure 7.1 (below) shows 18 
of the 20 puffs taken with the no electronic cigarette condition. The Input File for the PES, the 
Alicat signal and the wPUM signal are all plotted for each puff. Puff #19 and #20 were 
undetectable utilizing the TAP and therefore are not presented in this example. These plots were 
created in Excel because the TAP is unable to process Alicat data. Therefore, this study will not 
calculate data corresponding to the Alicat. It is recommended for future studies to modify the TAP 
so that the Alicat data can be analyzed utilizing the program.  
Puff #1: 10.00 Seconds 
 




Puff #3: 5.00 Seconds 
 
Puff #4: 4.50 Seconds 
 
Puff #5: 4.00 Seconds 
 
Puff #6: 3.50 Seconds 
 
Puff #7: 3.00 Seconds 
 




Puff #9: 2.50 Seconds 
 
Puff #10: 2.25 Seconds
 
Puff #11: 2.00 Seconds 
 
Puff #12: 1.75 Seconds 
 
Puff #13: 1.50 Seconds *
 




Puff #15: 1.00 Seconds *
 
Puff #16: 0.80 Seconds *
 
Puff #17: 0.40 Seconds *
 
Puff #18: 0.20 Seconds *
 
Figure 7.1: Aim 1.1 Trial 3 No E-Cig Condition puff analysis of Input File, Alicat, and wPUM Files. PES 
sampling capability rate = 0.05s, Alicat sampling rate = 0.01s and wPUM sampling rate = 0.025s. 
An example of the information generated in Table 1 is provided in Table 7.1 (below). This table 
captures information for every puff taken in every session. It has been modified in this document 
in order to show the information pertinent to this specific aim. The information that was excluded 
are: Subject, Puff Start and End time, as well as the Session Time and Date stamp. 















wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
1 10.00 33.37 333.72 29.80 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
2 7.95 33.18 263.78 29.80 
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wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
3 4.98 33.29 165.64 29.83 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
4 4.55 33.33 151.65 29.80 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
5 3.98 33.44 132.94 29.80 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
6 3.50 33.59 117.57 29.80 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
7 2.97 33.42 99.40 29.83 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
8 2.73 33.63 91.68 29.80 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
9 2.50 33.53 83.78 29.80 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
10 2.23 33.26 74.03 30.02 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
11 2.00 33.72 67.47 29.87 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
12 1.75 33.74 59.08 29.80 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
13 1.50 34.19 51.28 29.80 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
14 1.25 34.40 42.96 29.80 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
15 1.00 34.96 34.93 29.83 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
16 0.80 34.51 27.65 29.75 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
17 0.40 37.35 14.94 29.80 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
18 0.23 35.86 8.07 29.82 
 
Table 2 averages the information from Table 1 for every session taken. Table 7.2 (below) shows 
the average values for Trial 3 for Aim 1.1 No E-Cig condition. This table has been modified in 
order to show the information pertinent to this specific aim. The information that was excluded 
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are: Subject, Session Puff Volume Standard Deviation, Session Puff Volume Variance, Session 
Puff Volume Minimum, Session Puff Volume Maximum, Session Puff Volume Summation, and 
the Session Time and Date stamp.  






















wPUM Analysis for wPUM 
Measured Data - No E-Cig - Trial 3 
18 3.02 34.04 101.14 29.82 
 
From this data statistics can be calculated showing how well the wPUM performed to the desired 
puffing profile. Moving forward the TAP will be used to analyze raw data for Aims 3 – 5. It is 
recommended to run the Aim 1 raw data utilizing the TAP to see how well it performed under the 
RIT Ideal Testing Conditions for future investigation.  
7.2 AIM 3.1 – WPUM DETECTING THE FEDERAL TRADE COMMISSION / 
INTERNATIONAL ORGANIZATION OF STANDARDIZATION (FTC/ISO) 
STANDARD PROFILE 
7.2.1 Parameters 
This study was interested assessing the capability of the wPUM to detect the FTC/ISO Standard 
Profile. The same no electronic cigarette condition and three disposable electronic cigarettes 
mentioned in Table 5.1 (above) were tested. The FTC/ISO protocol consists of a 2 second puff 
duration, a 35mL puff volume, and a 60 second interpuff. This standard was executed for a total 




Figure 7.2: FTC/ISO Standard Protocol puffing profile. 
7.2.2 Experimental Procedures  
The experimental procedure used in this study is referenced in sections 2.1.2 (above), 2.1.3 
(above), 2.1.4 (above), and 2.2.2 (above). Figure 7.3 (below) shows the specific puffing protocol 




Figure 7.3: LabVIEW System Setup screen and selection options for Aim 3.1. 
A few modifications to the code needed to be changed in order to reflect this study. These 
modifications can be observed in the code provided below.  
Pathname='C:\Users\Karina\Documents\KarinaRoundtree\web\private\
WorkingFiles\Data Processing\Aim 3\'; %Location on disk  
inputfoldername = strcat(pathname,'Aim 3.1 FTC\'); %Location of 
input data 
outputfoldername = strcat(pathname,'Aim 3.1 FTC\'); %Location 
where data will be outputted 
subjectnamecelldata = { 'Blu\'; 'Njoy\'; 'No Ecig\'; 'Zoom\'; } 
; %Location of each testing condition 
% Add a new folder to the array below if more testing conditions 
are evaluated 
% Remember the end back slash on the right side 
 
else                                % OCTAVE CODE 
 
% linux box at home, with octave 
  
pathname='..\'; % Location on disk 
 
inputfoldername  = strcat(pathname,'..\Aim 3.1 FTC\'); %Location 
of input data 
  
outputfoldername = strcat(pathname,'Aim 3.1 FTC\'); %Location 










7.2.3 Results  
For each testing condition and trial a Topography plot was generated. In the plot there are two 
graphs. The first graph shows the measured Flow Rate in mL/s on the y-axis and the Time in 
seconds on the x-axis. The measured raw data signal is denoted in blue while the interpreted signal, 
based on the criteria in the TAP, is denoted in orange. This allows the researcher to compare and 
contrast how the algorithm measures to the raw data qualitatively. The second graph shows the 
Cumulative Volume in mL over the entire puffing session. The stair case increasing behavior is 
expected since volume will always slightly increase over time even if no puffing is occurring. 
Where a vertical spike occurs in the Cumulative Volume plot indicates a puff occurs. This allows 
the researcher to qualitatively assess and compared both graphs against each other to make sure 
accurate reports when puffs are occurring are consistent. 
An example of Trial 1 for all four of the testing conditions is provided in Figure 7.4 (below). This 
shows the difference each testing condition has when conducting the FTC/ISO Standard Profile 
Protocol.  









Figure 7.4: Trial 1 – All Conditions – FTC/ISO Standard Profile Protocol. 
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In addition to the plots, information about each test ran is provided in both the Matlab command 
window and in the generated Table 0. An example of the information outputted for Trial 1 for the 
No E-Cig condition is provided below. 
* * * Puffing session data analysis * * *   
 * * * * * * Beginning Analysis of Subject Data  * * * * * * * * * * * *   
             Subject Data Folder: Blu\   
 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *   
             Analysis Protocol File for this Subject series: AnalysisProtocol.csv   
 * * * Conducting wPUM Topography Analysis of Voltage Datafile: wPUM Measured Data - 
Blu E-Cig - Trial 1.TXT   
ReadPuffDataFile(): fullpath 
C:\Users\Karina\Documents\KarinaRoundtree\web\private\WorkingFiles\Data Processing\Aim 
3\Aim 3.1 FTC\Blu\wPUM Measured Data - Blu E-Cig - Trial 1.TXT 
ReadPuffDataFile(): Size of data=49482 
numdata1 49481 
 Number of puffs taken 94  
 Consolidated number of puffs 20  
 Number of consolidated puffs exceeding minimum duration:  20 
 
An example of the information generated in Table 1 is provided in Table 7.3 (below). This table 
captures information for every puff taken in every session. It has been modified in this document 
in order to show the information pertinent to this specific aim. The information that was excluded 
are: Subject, Mean Puff Flow, Puff Start and End time, as well as the Session Time and Date stamp. 











wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
1 1.83 32.33 60.60 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
2 1.90 29.98 59.65 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
3 1.87 32.36 59.68 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
4 1.90 38.75 59.78 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
5 1.90 39.40 59.68 
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wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
6 1.88 34.35 59.68 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
7 1.90 39.98 59.70 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
8 1.85 34.84 59.70 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
9 1.90 40.00 59.72 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
10 1.88 40.69 59.68 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
11 1.90 34.49 59.68 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
12 1.87 35.86 59.70 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
13 1.90 40.90 59.65 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
14 1.93 35.23 68.55 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
15 1.88 37.79 59.87 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
16 1.90 37.77 60.28 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
17 1.88 33.16 59.70 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
18 1.85 34.84 59.72 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
19 1.90 39.29 59.72 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
20 1.90 39.73 60.25 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
1 1.48 31.07 59.65 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
2 1.87 40.36 59.68 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
3 1.90 37.99 60.70 
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wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
4 1.87 36.41 59.68 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
5 1.90 39.57 59.68 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
6 1.90 38.96 59.70 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
7 1.87 37.54 59.68 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
8 1.90 36.66 59.73 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
9 1.83 37.55 59.75 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
10 1.90 37.68 59.70 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
11 1.90 42.32 59.68 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
12 1.90 41.42 59.68 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
13 1.87 41.16 59.70 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
14 1.87 39.20 59.80 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
15 1.90 38.42 59.68 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
16 1.88 37.65 60.00 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
17 1.87 36.76 59.93 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
18 1.88 38.95 59.70 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
19 1.85 37.82 60.40 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
20 1.85 31.19 59.81 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
1 1.95 35.59 62.35 
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wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
2 1.90 37.87 60.30 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
3 1.90 38.24 60.07 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
4 1.88 37.36 60.65 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
5 2.03 42.65 63.23 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig – Trial 3 
6 1.90 42.12 62.35 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig – Trial 3 
7 1.90 41.54 60.93 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig – Trial 3 
8 1.87 35.79 60.55 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig – Trial 3 
9 1.87 36.83 60.23 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig – Trial 3 
10 1.90 41.91 60.05 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig – Trial 3 
11 1.90 38.92 61.27 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig - Trial 3 
12 1.88 38.66 60.35 
1.wPUM Analysis for wPUM Measured Data - Blu 
E-Cig - Trial 3 
13 1.90 39.14 60.45 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
14 1.93 36.61 60.42 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
15 1.93 36.66 60.40 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
16 1.88 38.70 62.40 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
17 1.87 34.27 60.55 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
18 1.90 39.27 60.18 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
19 1.90 36.97 60.15 
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wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
20 1.87 40.89 60.89 
 
Table 2 averages the information from Table 1 for every session taken. Table 7.4 (below) shows 
all the average values for each puffing session taken in this specific aim. This table has also been 
modified in order to show the information pertinent to this specific aim. The information that was 
excluded are: Subject, Session Average Mean Puff Flow, Session Puff Volume Standard 
Deviation, Session Puff Volume Variance, Session Puff Volume Minimum, Session Puff Volume 
Maximum, Session Puff Volume Summation, and the Session Time and Date stamp.  
Table 7.4: Table 2 generated from the TAP for All Conditions Aim 3.1. 
Session ID 
Number 











wPUM Analysis for wPUM Measured Data - 
No E-Cig - Trial 1 
21 1.77 34.65 56.85 
wPUM Analysis for wPUM Measured Data - 
No E-Cig - Trial 2 
20 1.90 40.08 59.66 
wPUM Analysis for wPUM Measured Data - 
No E-Cig - Trial 3 
21 1.81 38.10 57.73 
wPUM Analysis for wPUM Measured Data - 
Blu E-Cig - Trial 1 
20 1.89 36.59 60.25 
wPUM Analysis for wPUM Measured Data - 
Blu E-Cig - Trial 2 
20 1.86 37.93 59.81 
wPUM Analysis for wPUM Measured Data - 
Blu E-Cig - Trial 3 
20 1.90 38.50 60.89 
wPUM Analysis for wPUM Measured Data - 
Zoom E-Cig - Trial 1 
20 1.86 39.11 59.74 
wPUM Analysis for wPUM Measured Data - 
Zoom E-Cig - Trial 2 
20 1.92 40.60 60.69 
wPUM Analysis for wPUM Measured Data - 
Zoom E-Cig - Trial 3 
20 1.91 39.65 60.75 
wPUM Analysis for wPUM Measured Data - 
NJoy E-Cig - Trial 1 
20 2.02 42.70 64.33 
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wPUM Analysis for wPUM Measured Data - 
NJoy E-Cig - Trial 2 
20 1.98 42.48 60.85 
wPUM Analysis for wPUM Measured Data - 
NJoy E-Cig - Trial 3 
20 1.86 39.42 59.71 
 
Table 3 and 4, that are generated from the TAP, produce the average values for the desired puff 
topography for the testing condition. This means it takes the average of all the puffs for all the 
sessions and outputs one single value. The information presented in Table 7.5 (below) comes from 
Table 3. This table, like the two previous, has been modified. The information that was excluded 
are: Subject, Subject Average Mean Puff Flow, Subject Puff Volume Standard Deviation, Subject 
Puff Volume Variance, Subject Puff Volume Minimum, Subject Puff Volume Maximum, and 
Subject Puff Volume Summation. 
Table 7.5: Table 3 generated from the TAP for All Conditions Aim 3.1. 
Session ID 
Number of Puffs / 
Subject 
Subject Average 
Puff Duration (s) 
Subject Average 
Puff Volume (mL) 
Subject Average 
Puff Interval (s) 
No E-Cig 62 1.82 37.57 58.06 
Blu  60 1.88 37.67 60.32 
Zoom 60 1.90 39.79 60.40 
NJoy 60 1.95 41.53 61.63 
 
7.2.4 Discussion of Results 
From the results produced in Table 7.5 (above) it can be seen that the wPUM performed differently 
under the various testing conditions when running the FTC/ISO puffing protocol. The first 
variation that can be observed is the number of puffs produced in the No E-Cig condition. The 
puffing protocol only had a prescribed 60 total puffs. The No E-Cig condition reported an 
additional two puffs. Table 7.6 (below) provides the corresponding information for these two 
puffs.  


















wPUM Analysis for wPUM Measured Data – No E-
Cig Trial 1 
3 0.28 24.04 6.66 0.22 
wPUM Analysis for wPUM Measured Data – No E-
Cig Trial 3 
6 0.35 22.09 7.73 0.25 
 
It can be seen that both the puffs that were taken did not correlate at a specific time in the puffing 
protocol for either trial. Both the puffs were very small durations and occurred at puff intervals 
that were a little larger than the Minimum Puff Interval value of 0.2 seconds. This suggests that 
these two puffs should have been consolidated with the larger prescribed puff. If these two puffs 
were excluded from the No E-Cig data set the Subject Average Puff Duration (s) = 1.87, Subject 
Average Puff Volume (mL) = 38.58, and Subject Average Puff Interval (s) = 59.70. If these new 
values for the No E-Cig condition were utilized, Table 7.7 (below) shows the absolute and percent 
difference between the FTC/ISO protocol and measured wPUM data for all the conditions.  

























No E-Cig 0.13 6.50 3.58 10.23 0.30 0.50 
Blu  0.12 6.00 2.67 7.63 0.23 0.38 
Zoom 0.10 5.00 4.79 13.69 0.40 0.67 
NJoy 0.05 2.50 6.53 18.66 1.63 2.72 
 
From the table above it can be seen that there is no one condition that performed better than another 
which insinuates that adding an electronic cigarette to the system does not improve or worsen the 
measured responses in this specific test. All four testing conditions were within 6% of the desired 
puff duration with the NJoy E-Cig producing the closest average puff duration. Percent Puff 
Volume Difference had the most influence. All four testing conditions were within approximately 
19% of the desired puff volume with the Blu E-Cig producing the closest average value. All four 
testing conditions produced very good results for the desired Puff Interval, all operating within 
3%. The Blu E-Cig produced the closest desired puff interval. In an effort to understand why the 
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Puff Volume results had a larger disparity a zoomed in image of one desired puff is identified in 
Figure 7.5 (below).   
 
Figure 7.5: One FTC/ISO Puff profile.  
Due to ramp up and ramp down time the desired volume at best would be 34.125mL under the 
same prescribed puff duration, 2 seconds, and flow rate, 17.5 mL/s. This equates to a 2.5%. 
However, the percent differences that were measured were far larger than this expected value. It 
is recommended that further investigation is needed in order to understand how to produce more 
accurate puff volumes. Additionally, utilizing a sinusoidal wave instead of a square wave for the 
puffing protocol may help mitigate overshoot and undershoot in the signal response because the 
system will gradually ramp up/down to the desired puff flow rates.  
7.2.5 Conclusions 
This study wanted to validate the ability of the wPUM to detect the FTC/ISO Standard Profile. 
Overall the measured puff durations and puff interval values aligned closely with the standard 
profile. However, the puff volumes deviated from the standard by 7 – 19 %. It was expected to see 
some deviation due to the nature of the puffing protocol accounting for loss in volume associated 
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with ramp up and ramp down to the desired puff flow rates. Moving forward it is recommended to 
investigate how to produce more accurate measured puff volumes.   
7.3 AIM 3.2 – WPUM DETECTING MASSACHUSETTS DEPARTMENT PUBLIC 
HEALTH STANDARD PROFILE 
7.3.1 Parameters 
This study was interested assessing the capability of the wPUM to detect the Massachusetts 
Department Public Health Standard Profile. The same no electronic cigarette condition and three 
disposable electronic cigarettes mentioned in Table 5.1 (above) were tested. This protocol consists 
of the same 2 second puff duration as the previously test FTC/ISO Protocol however the volume 
and interpuff gap are different. A 45mL puff volume and a 30 second interpuff are used instead. 
This standard was executed for a total of 20 puffs. The input file described is identified in Figure 
7.6 (below).  
 
 
Figure 7.6: Massachusetts Department Public Health Standard Protocol puffing profile. 
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7.3.2 Experimental Procedures 
The experimental procedure used in this study is referenced in sections 2.1.2 (above), 2.1.3 
(above), 2.1.4 (above), and 2.2.2 (above). Figure 7.7 (below) shows the specific puffing protocol 
used in this specific study.  
 
Figure 7.7: LabVIEW System Setup screen and selection options for Aim 3.2. 
The only modification that must be changed from the modifications made in section 7.2.2 (above) 
are identified below.  
inputfoldername = strcat(pathname,'Aim 3.2 Mass\'); %Location of 
input data 
outputfoldername = strcat(pathname,'Aim 3.2 Mass\'); %Location 
where data will be outputted 
 
This is the folder location with the corresponding Massachusetts Department Public Health 
measured data.  
7.3.3 Results  
The same Topography plots, described in section 7.2.3 (above), were generated for all the testing 










Figure 7.8 (below). This shows the difference each testing condition has when conducting the 
Massachusetts Department Public Health Standard Profile Protocol.  









Figure 7.8: Trial 1 – All Conditions – FTC/ISO Standard Profile Protocol. 
An example of the information outputted for Trial 1 for the No E-Cig condition is provided below. 
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* * * Puffing session data analysis * * *   
 * * * * * * Beginning Analysis of Subject Data  * * * * * * * * * * * *   
             Subject Data Folder: Blu\   
 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *   
             Analysis Protocol File for this Subject series: AnalysisProtocol.csv   
 * * * Conducting wPUM Topography Analysis of Voltage Datafile: wPUM Measured Data - 
Blu E-Cig - Trial 1.TXT   
ReadPuffDataFile(): fullpath 
C:\Users\Karina\Documents\KarinaRoundtree\web\private\WorkingFiles\Data Processing\Aim 
3\Aim 3.2 Mass\Blu\wPUM Measured Data - Blu E-Cig - Trial 1.TXT 
ReadPuffDataFile(): Size of data=26292 
numdata1 26291 
 Number of puffs taken 34  
 Consolidated number of puffs 20  
 Number of consolidated puffs exceeding minimum duration:  20 
 
Table 7.8 (below). This table captures information for every puff taken in every session. It has 
been modified in this document in order to show the information pertinent to this specific aim. The 
information that was excluded are: Subject, Mean Puff Flow, Puff Start and End time, as well as 
the Session Time and Date stamp. 











wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
1 1.90 49.00 29.83 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
2 1.93 51.39 29.85 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
3 1.90 50.29 30.55 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
4 1.93 49.86 29.88 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
5 1.90 50.33 29.85 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
6 1.93 50.01 29.85 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
7 1.93 49.68 29.90 
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wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
8 1.90 47.50 30.10 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
9 1.93 51.96 29.83 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
10 1.90 50.05 29.80 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
11 1.93 51.60 29.85 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
12 1.93 50.88 29.78 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
13 1.93 50.46 29.75 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
14 1.93 50.31 29.75 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
15 1.93 50.61 29.75 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
16 1.90 50.06 29.75 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
17 1.93 50.86 29.75 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
18 1.93 50.91 29.72 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
19 1.93 51.49 29.78 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
20 1.93 51.48 29.86 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
1 1.98 52.15 30.93 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
2 2.00 54.08 30.80 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
3 2.00 53.90 31.48 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
4 2.05 56.62 31.82 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
5 2.03 56.23 32.25 
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wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
6 2.18 56.37 33.50 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
7 2.08 56.08 34.72 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
8 2.15 60.10 32.23 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
9 2.03 56.56 31.28 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
10 2.00 54.80 31.63 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
11 2.05 56.79 32.77 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
12 2.18 59.25 31.53 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
13 2.13 61.15 31.60 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
14 2.00 55.03 31.03 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
15 2.03 56.26 31.00 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
16 1.97 55.66 31.40 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
17 2.03 56.78 32.45 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
18 2.05 56.86 31.55 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
19 2.05 57.68 31.70 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
20 2.08 54.69 31.88 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
1 1.95 52.15 30.13 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
2 1.95 51.65 30.45 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
3 1.95 52.57 31.70 
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wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
4 1.95 51.56 30.12 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
5 1.93 51.53 30.15 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig – Trial 3 
6 1.93 54.15 30.15 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig – Trial 3 
7 1.95 50.60 30.00 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig – Trial 3 
8 1.93 52.35 30.03 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig – Trial 3 
9 1.95 53.76 30.00 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig – Trial 3 
10 1.98 55.58 30.08 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig – Trial 3 
11 1.93 53.54 33.00 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig - Trial 3 
12 2.25 63.84 32.13 
1.wPUM Analysis for wPUM Measured Data - Blu 
E-Cig - Trial 3 
13 2.03 57.34 30.93 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
14 1.95 54.17 30.20 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
15 1.97 54.24 30.23 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
16 1.95 53.48 30.15 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
17 1.95 56.48 30.02 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
18 1.95 54.11 30.03 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
19 1.95 54.79 30.05 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 




Table 7.9 (below) which corresponds to the generated Table 2 from the TAP shows all the average 
values for each puffing session taken in this specific aim. This table has also been modified, like 
the previous section, in order to show the information pertinent to this specific aim. The 
information that was excluded are: Subject, Session Average Mean Puff Flow, Session Puff 
Volume Standard Deviation, Session Puff Volume Variance, Session Puff Volume Minimum, 
Session Puff Volume Maximum, Session Puff Volume Summation, and the Session Time and Date 
stamp.  
Table 7.9: Table 2 generated from TAP the for All Conditions Aim 3.2. 
Session ID 
Number 











wPUM Analysis for wPUM Measured Data - 
No E-Cig - Trial 1 
20 1.93 50.82 29.83 
wPUM Analysis for wPUM Measured Data - 
No E-Cig - Trial 2 
20 1.98 55.43 30.29 
wPUM Analysis for wPUM Measured Data - 
No E-Cig - Trial 3 
20 1.95 52.49 30.30 
wPUM Analysis for wPUM Measured Data - 
Blu E-Cig - Trial 1 
20 1.92 50.44 29.86 
wPUM Analysis for wPUM Measured Data - 
Blu E-Cig - Trial 2 
20 2.05 56.35 31.88 
wPUM Analysis for wPUM Measured Data - 
Blu E-Cig - Trial 3 
20 1.97 54.01 30.50 
wPUM Analysis for wPUM Measured Data - 
Zoom E-Cig - Trial 1 
20 1.98 52.20 30.19 
wPUM Analysis for wPUM Measured Data - 
Zoom E-Cig - Trial 2 
20 1.97 52.29 30.38 
wPUM Analysis for wPUM Measured Data - 
Zoom E-Cig - Trial 3 
20 1.95 51.53 30.31 
wPUM Analysis for wPUM Measured Data - 
NJoy E-Cig - Trial 1 
20 1.93 51.36 30.03 
wPUM Analysis for wPUM Measured Data - 
NJoy E-Cig - Trial 2 
20 2.05 54.32 31.84 
wPUM Analysis for wPUM Measured Data - 
NJoy E-Cig - Trial 3 




Table 3 and 4, generated from the TAP, take the average of all the puffs for all the sessions and 
outputs one single value. The information presented in Table 7.10 (below) comes from Table 3. 
This table has also been modified, like the two previous. The information that was excluded are: 
Subject, Subject Average Mean Puff Flow, Subject Puff Volume Standard Deviation, Subject Puff 
Volume Variance, Subject Puff Volume Minimum, Subject Puff Volume Maximum, and Subject 
Puff Volume Summation. 
Table 7.10: Table 3 generated from the TAP for All Conditions Aim 3.2. 
Session ID 
Number of Puffs / 
Subject 
Subject Average 
Puff Duration (s) 
Subject Average 
Puff Volume (mL) 
Subject Average 
Puff Interval (s) 
No E-Cig 60 1.96 52.92 30.14 
Blu  60 1.98 53.60 30.75 
Zoom 60 1.96 52.00 30.29 
NJoy 60 1.98 52.46 30.78 
 
7.3.4 Discussion of Results 
From the results produced in Table 7.10 (above) it can be seen that the wPUM performed 
exceptionally better in terms of puff duration under the Massachusetts Department Public Health 
Standard Protocol compared to the previous FTC/ISO Standard Protocol. However, the measured 
puff volume was less accurate but more consistent in this test compared to the previous. Table 7.11 
(below) shows the absolute and percent difference between the Standard Protocol and measured 
wPUM data for all four conditions.  
Table 7.11: Absolute and Percent Difference between Massachusetts Department Public Health Standard Protocol 

























No E-Cig 0.04 2.00 7.92 17.60 0.14 0.47 
Blu  0.02 1.00 8.60 19.11 0.75 2.50 
Zoom 0.04 2.00 7.00 15.56 0.29 0.97 
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NJoy 0.02 1.00 7.46 16.58 0.78 2.60 
 
Like the previous test there is no one condition that performed better than another. All four testing 
conditions produced very good results for the desired Puff Duration, all operating within 2%. Both 
the Blu and NJoy E-Cigs produced the closest average puff durations. All four testing conditions 
were within approximately 15 – 20% of the desired puff volume with the Zoom E-Cig producing 
the closest average value. All four testing conditions were within 3% for the desired Puff Interval. 
The No E-Cig condition produced the closest desired puff interval. Like the previous observations 
made in section 7.2.4 (above) it was expected that there would be a slight variation, 2.5%, in 
reported puff volumes. In this study though, the percent difference was larger compared to the 
FTC/ISO Standard test. This supports the recommendation to investigate ways to mitigate this 
error to produce more accurate puff volumes for future studies.  
7.3.5 Conclusions 
This study wanted to validate the ability of the wPUM to detect the Massachusetts Department 
Public Health Standard Profile. Like the previous FTC/ISO Protocol the measured puff durations 
and puff interval values aligned closely with the standard profile. However, this study produced 
more consistency but less accuracy in puff volumes compared to the FTC/ISO test, 15 – 20 %. It 
was expected to see some deviation due to the nature of having ramp up and ramp down in the 
puffing protocol however, it is recommended for future studies to investigate how to produce more 
accurate measured puff volumes.   
7.4 AIM 3.3 – WPUM DETECTING HEALTH CANADA INTENSE (HCI) REGIMEN 
STANDARD PROFILE 
7.4.1 Parameters 
This study was interested assessing the capability of the wPUM to detect the Health Canada Intense 
(HCI) Regimen Standard Profile. The same no electronic cigarette condition and three disposable 
electronic cigarettes mentioned in Table 5.1 (above) were tested. This protocol consists of the same 
2 second puff duration as the two previous test standard profiles as well as the same 30 second 
interpuff gap like the Massachusetts Department Public Health standard. However, this is the most 
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intense regimen tested and therefore it has a larger puff volume of 55mL. This standard was 
executed for a total of 20 puffs and is identified in Figure 7.9 (below).  
 
 
Figure 7.9: Health Canada Intense (HCI) Regimen Standard Protocol puffing profile. 
7.4.2 Experimental Procedures 
The experimental procedure used in this study is referenced in sections 2.1.2 (above), 2.1.3 
(above), 2.1.4 (above), and 2.2.2 (above). Figure 7.10 (below) shows the specific puffing protocol 




Figure 7.10: LabVIEW System Setup screen and selection options for Aim 3.3. 
These were the folder location modifications made corresponding to the HCI measured data.  
inputfoldername = strcat(pathname,'Aim 3.3 HCI\'); %Location of 
input data 
outputfoldername = strcat(pathname,'Aim 3.3 HCI\'); %Location 
where data will be outputted 
7.4.3 Results  
For each testing condition and trial a Topography plot was generated. In the plot there are two 
graphs. The first graph shows the measured Flow Rate in mL/s on the y-axis and the Time in s on 
the x-axis. The measured raw data signal is denoted in blue while the interpreted signal, based on 
the criteria in the TAP, is denoted in orange. This allows the researcher to compare and contrast 
how the algorithm measures to the raw data qualitatively. The second graph shows the Cumulative 
Volume in mL over the entire puffing session. The stair case increasing behavior is expected since 
volume will always slightly increase over time even if no puffing is occurring. Where a vertical 
spike occurs in the Cumulative Volume plot indicates a puff occurs. Therefore, the research can 
also qualitatively assess and compared both graphs against each other to make sure accurate reports 










An example of Trial 1 for all four of the testing conditions is provided in Figure 7.11 (below). This 
shows the difference each testing condition has when conducting the HCI Standard Profile 
Protocol.  









Figure 7.11: Trial 1 – All Conditions – HCI Standard Profile Protocol. 
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In addition to the plots, information about each test ran is provided in the Matlab command window 
and the Table 0 table created. An example of the information outputted for Trial 1 for the No E-
Cig condition is provided below. 
* * * Puffing session data analysis * * *   
 * * * * * * Beginning Analysis of Subject Data  * * * * * * * * * * * *   
             Subject Data Folder: Blu\   
 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *   
             Analysis Protocol File for this Subject series: AnalysisProtocol.csv   
 * * * Conducting wPUM Topography Analysis of Voltage Datafile: wPUM Measured Data - 
Blu E-Cig - Trial 1.TXT   
ReadPuffDataFile(): fullpath 
C:\Users\Karina\Documents\KarinaRoundtree\web\private\WorkingFiles\Data Processing\Aim 
3\Aim 3.3 HCI\Blu\wPUM Measured Data - Blu E-Cig - Trial 1.TXT 
ReadPuffDataFile(): Size of data=27160 
numdata1 27159 
 Number of puffs taken 20  
 Consolidated number of puffs 20  
 Number of consolidated puffs exceeding minimum duration:  20 
 
An example of the information generated in Table 1 is provided in Table 7.12 (below). This table 
captures information for every puff taken in every session. It has been modified in this document 
in order to show the information pertinent to this specific aim. The information that was excluded 
are: Subject, Mean Puff Flow, Puff Start and End time, as well as the Session Time and Date stamp. 











wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
1 2.08 68.88 32.20 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
2 1.95 62.06 30.00 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
3 1.93 62.61 30.15 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
4 1.95 63.56 30.05 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
5 2.00 65.34 30.80 
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wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
6 1.93 61.87 30.30 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
7 1.95 64.69 32.10 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
8 2.05 65.66 30.23 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
9 2.03 67.34 30.18 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
10 1.95 63.06 33.73 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
11 2.20 70.62 31.90 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
12 1.95 63.19 30.18 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
13 1.97 64.01 30.10 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
14 2.00 63.39 30.40 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
15 2.00 64.71 30.20 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
16 2.00 64.72 30.63 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
17 2.05 67.30 31.37 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
18 1.98 63.22 30.10 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
19 1.95 62.76 30.08 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 1 
20 1.98 61.81 30.77 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
1 2.05 63.89 33.18 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
2 2.05 64.80 31.68 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
3 2.08 64.87 30.12 
315 
 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
4 1.93 61.40 29.98 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
5 1.93 61.06 30.03 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
6 1.95 63.80 31.00 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
7 1.95 62.12 30.05 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
8 1.95 62.86 30.05 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
9 1.95 63.49 30.08 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
10 1.95 61.60 31.10 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
11 2.10 69.55 30.48 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
12 1.95 62.31 30.25 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
13 1.95 63.92 30.03 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
14 1.95 61.99 30.10 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
15 1.95 62.31 30.00 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
16 1.95 62.53 30.05 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
17 1.95 63.19 30.70 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
18 1.95 61.91 30.05 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
19 1.95 63.25 30.03 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 2 
20 1.95 62.63 30.47 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
1 1.95 60.51 30.00 
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wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
2 1.90 61.14 29.93 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
3 1.93 62.54 29.97 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
4 1.95 61.66 30.05 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
5 1.95 60.98 29.98 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig – Trial 3 
6 1.93 58.82 30.00 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig – Trial 3 
7 1.95 61.99 30.55 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig – Trial 3 
8 2.10 66.65 32.18 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig – Trial 3 
9 2.08 67.37 31.80 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig – Trial 3 
10 1.95 62.74 30.35 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig – Trial 3 
11 1.97 63.47 30.15 
wPUM Analysis for wPUM Measured Data – Blu E-
Cig - Trial 3 
12 1.97 63.10 30.08 
1.wPUM Analysis for wPUM Measured Data - Blu 
E-Cig - Trial 3 
13 1.95 61.39 31.00 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
14 1.98 62.89 30.00 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
15 1.97 64.19 30.00 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
16 1.95 62.52 29.97 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
17 1.98 63.48 30.00 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
18 1.97 63.13 30.03 
wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
19 1.95 60.84 30.45 
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wPUM Analysis for wPUM Measured Data - Blu E-
Cig - Trial 3 
20 2.08 68.22 30.34 
 
Table 2 averages the information from Table 1 for every session taken. Table 7.13 (below) shows 
all the average values for each puffing session taken in this specific aim. This table has also been 
modified in order to show the information pertinent to this specific aim. The information that was 
excluded are: Subject, Session Average Mean Puff Flow, Session Puff Volume Standard 
Deviation, Session Puff Volume Variance, Session Puff Volume Minimum, Session Puff Volume 
Maximum, Session Puff Volume Summation, and the Session Time and Date stamp.  
Table 7.13: Table 2 generated from the TAP for All Conditions Aim 3.3. 
Session ID 
Number 











wPUM Analysis for wPUM Measured Data - 
No E-Cig - Trial 1 
20 1.96 67.52 30.28 
wPUM Analysis for wPUM Measured Data - 
No E-Cig - Trial 2 
20 1.98 65.21 30.40 
wPUM Analysis for wPUM Measured Data - 
No E-Cig - Trial 3 
20 1.98 62.79 30.78 
wPUM Analysis for wPUM Measured Data - 
Blu E-Cig - Trial 1 
20 1.99 64.54 30.77 
wPUM Analysis for wPUM Measured Data - 
Blu E-Cig - Trial 2 
20 1.97 63.17 30.47 
wPUM Analysis for wPUM Measured Data - 
Blu E-Cig - Trial 3 
20 1.97 62.88 30.34 
wPUM Analysis for wPUM Measured Data - 
Zoom E-Cig - Trial 1 
20 1.94 61.21 29.87 
wPUM Analysis for wPUM Measured Data - 
Zoom E-Cig - Trial 2 
20 2.01 64.09 31.89 
wPUM Analysis for wPUM Measured Data - 
Zoom E-Cig - Trial 3 
20 1.99 62.79 30.72 
wPUM Analysis for wPUM Measured Data - 
NJoy E-Cig - Trial 1 
20 2.06 66.55 31.89 
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wPUM Analysis for wPUM Measured Data - 
NJoy E-Cig - Trial 2 
20 1.97 63.35 30.47 
wPUM Analysis for wPUM Measured Data - 
NJoy E-Cig - Trial 3 
20 1.94 61.87 29.85 
 
Table 3 and 4 that are generated from the TAP produce the average values for the desired puff 
topography for the testing condition. This means it takes the average of all the puffs for all the 
sessions and outputs one single value. The information presented in Table 7.14 (below) comes 
from Table 3. This table has also been modified, like the two previous. The information that was 
excluded are: Subject, Subject Average Mean Puff Flow, Subject Puff Volume Standard Deviation, 
Subject Puff Volume Variance, Subject Puff Volume Minimum, Subject Puff Volume Maximum, 
and Subject Puff Volume Summation. 
Table 7.14: Table 3 generated from the TAP for All Conditions Aim 3.3. 
Session ID 
Number of Puffs / 
Subject 
Subject Average 
Puff Duration (s) 
Subject Average 
Puff Volume (mL) 
Subject Average 
Puff Interval (s) 
No E-Cig 60 1.97 65.17 30.49 
Blu  60 1.98 63.53 30.53 
Zoom 60 1.98 62.70 30.83 
NJoy 60 1.99 63.93 30.73 
 
7.4.4 Discussion of Results 
From the results produced in Table 7.14 (above) it can be seen that the wPUM performed the same 
accuracy for puff duration and puff volume under the HCI Protocol like the previous 
Massachusetts Department Public Health Protocol. The measured puff volume was more 
consistent in this test compared to the previous. Table 7.15 (above) shows the absolute and percent 
difference between the Standard Protocol and measured wPUM data for all four conditions.  
Table 7.15: Absolute and Percent Difference between Massachusetts Department Public Health Standard Protocol 



























No E-Cig 0.03 1.50 10.17 18.49 0.49 1.63 
Blu  0.02 1.00 8.53 15.51 0.53 1.77 
Zoom 0.02 1.00 7.70 14.00 0.83 2.77 
NJoy 0.01 0.50 8.93 16.24 0.73 2.43 
 
Like the two previous tests there is no one condition that performed better than another in this 
study. All four testing conditions produced very good results for the desired Puff Duration, all 
operating within 1.50%. This insinuates that a larger desired puff volume decreases the percent 
difference in measured puff duration for the wPUM. The NJoy E-Cig produced the closest average 
puff duration. All four testing conditions were within approximately 14 – 19% of the desired puff 
volume with the Zoom E-Cig producing the closest average value. This range shortens as desired 
puff volume increases. All four testing conditions were within the same 3% as the previous two 
tests for the desired Puff Interval. The No E-Cig condition produced the closest desired puff 
interval. It was expected that there would be a slight variation in reported puff volumes by at least 
2.5% due to ramp up and ramp down associated with the puffing protocol. However, future 
investigation is recommended to mitigate less error with measured puff volumes.  
7.4.5 Conclusions 
This study wanted to validate the ability of the wPUM to detect the HCI Profile. Like the previous 
FTC/ISO and Massachusetts Department Public Health Protocols the measured puff durations and 
puff interval values aligned closely with the standard profile. However, the measured puff volumes 
still deviated by 14 – 19% from the desired puff volume. This range shortened as desired puff 
volume increased in the various protocols. It was expected to see some deviation in measured puff 
volume and is recommended for future studies to investigate how to produce more accurate values.  
7.5 CONCLUSIONS 
Overall the results produced in this study validate the ability of the wPUM to detect the various 
traditional standard protocols used in industry. Some of the quantitative observations made from 
all three studies were: 1) higher puff volumes produced less error associated with measured puff 
durations, 2) puff volumes always produced a 7 – 20% error difference between desired and 
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measured values regardless of what protocol was being used, and 3) puff interval differences were 
always within 3% between desired and measured values for all three of the standard protocols. In 
this specific aim there was more variance between testing conditions. In the FTC/ISO Standard 
Protocol under the variable puff duration test the NJoy E-Cig condition produced the most accurate 
results. Whereas, under the variable puff flow rate test the Blu E-Cig had the most accurate results 
and in the variable puff period test the NJoy E-Cig produced the most inaccurate results. In the 
Massachusetts Department Public Health Standard Protocol there was no difference between the 
testing conditions for the variable puff duration and flow rate tests. However, there was  a 
difference in the variable puff period test where the No E-Cig condition produced the most accurate 
results. In the HCI Standard Protocol no difference was observed between testing conditions for 
the variable puff duration and puff flow rate tests however, again like the Massachusetts 
Department Public Health Standard Protocol the No E-Cig condition produced the most accurate 
results for the variable puff period test. This study supports the recommendation to characterize 
each testing condition since different results are produced for different tests and trials. It is also 
recommended for future testing to modify the input square wave in the puffing protocol to a 
sinusoidal input. This may help mitigate error that was associated with the measure puff volumes. 
By taking this recommendation into consideration the reported puff volumes may produce more 
accurate data with less associated error. 
8 CHAPTER 8: AIM 4 – EVALUATION IN LABORATORY 
CONDENSATION TESTING CONDITIONS 
8.1 EXPERIMENTAL APPARATUS 
The following experimental apparatus used in this study is referenced in section 5.1 (aboveError! 
eference source not found.). 
8.2 PARAMETERS 
The same no electronic cigarette condition and three disposable electronic cigarettes mentioned in 
Table 5.1 (above) were tested. This study will not analyze the Alicat data collected since the TAP 
program is unable to analyze Alicat raw data files. For future studies it is recommended to modify 
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the TAP so it can analyze both the Alicat and wPUM raw data files. This study was specifically 
interested assessing the capability of the wPUM and TAP to detect varying puff duration, flow 
rate, and puff period when condensation was present in the Orifice Plate Assembly. The Baseline 
Drift Compensation module in the TAP was designed in an effort to save puffing sessions that had 
drift qualitatively observed in the RTI study. The module was created to minimally impact the data 
as to preserve the validity of what was actually measured. In order to do this the chosen method 
required a few critical assumptions.  
The first assumption made was that in any given puffing session the wPUM was at steady state 
longer and more often than it was being puffed. This means that more data associated with the 
baseline was captured for any given puffing session compared to data corresponding to puffs. 
Utilizing this logic, in order to create a compensation, a histogram was created for every session. 
The histogram showed the number of frequency at any given measured wPUM voltage. Therefore, 
identifying the most common baseline for that recorded session. In Matlab each bin automatically 
was 5 digital counts wide. Figure 8.1 (below) shows an example of the histogram created for the 
Decreasing Puff Duration No E-Cig Condition with Proximal Condensation Trial 1.  
 
Figure 8.1: Histogram of frequency at a given measured wPUM Voltage.  
In the example above the most common baseline bin was between 540 – 545 digital counts. 
Therefore, the most common baseline for this data set was 545 digital counts. The next process in 
the Baseline Drift Compensation module was to subtract all the measured wPUM Voltage data by 
545 and then add the original 512 baseline to the data set. This essentially would normalize the 
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data back to the expected baseline value. This study will show how the measured data was 
impacted by this process.  
The same puffing protocols identified in Figure 5.3 (above), 5.15 (above) and 5.36 (above) 
associated with Aim 1 were utilized in this test. The e-liquid that was injected into the Orifice Plate 
Assembly was the V2 Platinum E-Liquid identified in Figure 8.2 (below). The flavor was the V2 
Menthol 24 with a nicotine concentration of 2.4%.  
 
Figure 8.2: V2 E-liquid used for Aim 4 study.  
8.3 AIM 4.1 – WPUM AND TAP EVALUATION DETECTING RIT TESTING 
CONDITIONS WITH CONDENSATION IN PROXIMAL TUBING  
8.3.1 Experimental Procedures 
The experimental procedure used in this study is referenced in sections 2.1.2 (above) and 2.1.3 
(above). Figure 5.4 (above), 5.16 (above), and 5.37 (above) show the specific puffing protocols 
used in this study. Before moving from the steps associated in section 2.1.3 to running the test in 
2.1.4 a few additional steps are needed in order to ensure condensation is in the Proximal tubing 
of the Orifice Plate Assembly. 
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First, remove the proximal tubing from the Orifice Plate Assembly. A ¼” slug of condensation, e-
liquid, will be inserted at the top of the tubing where it connects to the Orifice Plate Assembly. To 
inject the condensation into the tubing utilize an electronic pipette instrument. The Rainin EDP2 
Single Channel Electronic Pipette identified in Figure 8.3 (below) was utilized in this study.  
 
Figure 8.3: Rainin EDP2 Single Channel Electronic Pipette.  
The pipette was set to pick up 10 µL that was injected into the tubing. In order to ensure there was 
the desired ¼” slug of condensation in the tubing the researcher would measure the condensation 
with a ruler. An example of this is provided in Figure 8.4 (below).  
 
Figure 8.4: The desired ¼” slug of condensation in the tubing.  
Once the correct amount of condensation was injected into the tubing, the tubing could be 




Figure 8.5: Orifice Plate Assembly with condensation injected into the Proximal tubing.  
Once reassembled the same testing procedure in section 2.1.4 (above), excluding the steps 
associated with removing condensation, and 2.2.2 (above) were followed. It should be noted that 
condensation needed to be added to the proximal tubing after every trial run to ensure a constant 
condensation presence. A few modifications to the code needed to be changed in order to reflect 
this study. These modifications can be observed in the code provided below.  
Pathname='C:\Users\Karina\Documents\KarinaRoundtree\web\private\
WorkingFiles\Data Processing\Aim 4\Anterior\'; %Location on disk  
inputfoldername = strcat(pathname,'Decreasing Puff Duration\'); 
%Location of input data 
outputfoldername = strcat(pathname,'Decreasing Puff Duration\'); 
%Location where data will be outputted 
subjectnamecelldata = { 'Blu\'; 'Njoy\'; 'No Ecig\'; 'Zoom\'; } 
; %Location of each testing condition 
% Add a new folder to the array below if more testing conditions 
are evaluated 
% Remember the end back slash on the right side 
 
else                                % OCTAVE CODE 
 
% linux box at home, with octave 
  
pathname='..\'; % Location on disk 
 
inputfoldername  = strcat(pathname,'..\Decreasing Puff 
Duration\'); %Location of input data 
  
¼” Condensation slug 
in Proximal Tubing 
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outputfoldername = strcat(pathname,'Decreasing Puff Duration\'); 
%Location where data will be outputted 
This study required the Baseline Drift Compensation module to be turned on. The code provided 
below shows how to do this. 





For each varying puff topography characteristic, testing condition, and trial a Topography plot was 
generated. In the plot there are two graphs. The first graph shows the measured Flow Rate in mL/s 
on the y-axis and the Time in seconds on the x-axis. The measured raw data signal is denoted in 
blue while the interpreted signal, based on the criteria in the TAP, is denoted in orange. The second 
graph shows the Cumulative Volume in mL over the entire puffing session.  
The graph corresponding to the Decreasing Puff Duration Protocol with condensation in the 
proximal tubing for the No E-Cig Condition is provided in Figure 8.6 (below).  








Figure 8.6: Plots of No E-Cig Condition – Decreasing Puff Duration Protocol with Proximal Condensation. 
In addition to the plots, information about each test ran is provided in both the Matlab command 
window and in the generated Table 0. An example of the information outputted for Trial 1 for the 
No E-Cig condition is provided below. 
* * * Puffing session data analysis * * *   
 * * * * * * Beginning Analysis of Subject Data  * * * * * * * * * * * *   
             Subject Data Folder: No E-Cig\   
 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *   
             Analysis Protocol File for this Subject series: AnalysisProtocol.csv   
 * * * Conducting wPUM Topography Analysis of Voltage Datafile: wPUM Measured Data - No 
E-Cig - Trial 1.TXT   
ReadPuffDataFile(): fullpath 
C:\Users\Karina\Documents\KarinaRoundtree\web\private\WorkingFiles\Data Processing\Aim 
4\Anterior\Decreasing Puff Duration\No E-Cig\wPUM Measured Data - No E-Cig - Trial 1.TXT 
ReadPuffDataFile(): Size of data=27948 
numdata1 27947 
 Number of puffs taken 42  
 Consolidated number of puffs 25  
 Number of consolidated puffs exceeding minimum duration:  21 
 
The information generated in Table 1 is provided in Table 8.1 (below) for the No E-Cig condition. 
This table captures information for every puff taken in every session. It has been modified in this 
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document in order to show the information pertinent to this specific aim. The information that was 
excluded are: Subject, Puff Start and End time, as well as the Session Time and Date stamp.  
















wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
1 0.97 15.73 15.53 0.35 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
2 0.33 15.11 4.91 0.63 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
3 0.23 14.98 3.37 0.73 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
4 0.23 5.78 1.31 14.57 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
5 9.98 32.89 328.11 29.77 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
6 7.93 28.55 226.28 29.75 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
7 4.98 26.96 134.18 29.77 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
8 4.48 26.35 117.92 29.75 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
9 3.98 26.80 106.57 29.75 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
10 3.50 26.72 93.51 29.77 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
11 2.98 26.64 79.24 29.75 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
12 2.75 25.97 71.42 29.78 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
13 2.47 28.41 70.27 29.78 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
14 2.22 26.81 59.64 29.80 
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wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
15 2.00 28.65 57.34 29.80 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
16 1.75 27.93 48.90 31.10 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
17 1.50 27.80 41.73 33.80 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
18 4.23 34.87 147.31 53.10 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
19 1.13 33.08 37.25 30.82 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
20 0.80 32.32 25.88 29.87 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
21 0.40 34.67 13.87 26.12 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
1 9.98 47.24 471.23 29.90 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
2 8.00 41.53 332.27 257.27 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
3 0.53 11.28 5.94 6.20 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
4 2.33 38.36 89.19 29.75 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
5 2.05 37.66 77.20 29.77 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
6 1.78 36.33 64.49 29.88 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
7 1.53 37.41 57.05 29.83 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
8 1.28 34.94 44.58 29.85 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
9 1.00 34.20 34.16 29.93 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
10 0.80 33.08 26.47 29.77 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
11 0.40 33.03 13.21 29.78 
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wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
12 0.23 34.15 7.68 48.36 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
1 0.30 32.86 9.82 39.55 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
2 0.33 29.92 9.72 37.65 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
3 0.73 20.11 14.58 0.25 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
4 0.80 13.28 10.61 0.60 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
5 1.43 14.38 20.50 0.33 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
6 0.80 15.32 12.24 30.48 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
7 5.25 23.85 125.17 31.23 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
8 3.98 29.08 115.59 30.00 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
9 3.50 33.12 115.97 30.20 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
10 3.05 34.67 105.76 30.03 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
11 2.78 35.57 98.70 30.50 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
12 2.62 35.91 94.22 31.20 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
13 2.43 36.33 88.10 31.63 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
14 2.15 35.03 75.28 32.08 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
15 1.88 34.51 64.73 30.48 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
16 1.53 36.24 55.26 31.37 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
17 1.38 33.47 46.05 30.55 
331 
 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
18 1.05 33.10 34.78 30.12 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
19 0.97 34.57 33.67 30.70 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
20 0.43 35.52 15.13 30.05 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
21 0.25 34.16 8.54 26.95 
 
The plots and information generated in Table 1 for the Blu E-Cig condition with condensation in 
the proximal tubing are provided in both Figure 8.7 (below) and Table 8.2 (below). 






Figure 8.7: Plots of Blu E-Cig Condition – Decreasing Puff Duration Protocol with Proximal Condensation. 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
1 0.25 7.69 1.92 3.00 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
2 1.10 7.83 8.61 1.23 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
3 14.42 24.69 356.18 23.53 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
4 2.05 28.57 58.57 28.10 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
5 0.25 16.44 4.11 1.08 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
6 0.95 9.70 9.21 0.57 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
7 0.93 8.28 7.66 0.98 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
8 2.80 31.57 88.41 31.35 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
9 1.50 32.07 48.07 32.35 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
10 1.18 33.95 39.89 32.08 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
11 0.88 34.76 30.42 31.88 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
12 0.70 34.65 24.25 31.72 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
13 0.58 35.33 20.31 31.68 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
14 0.50 36.06 18.06 31.53 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
15 0.52 32.77 17.17 29.40 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
16 0.25 11.34 2.85 1.58 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
17 0.48 34.38 16.33 31.10 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
18 0.45 33.80 15.24 30.85 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
19 0.38 34.29 12.86 29.53 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
20 0.23 23.86 5.37 0.90 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
21 2.85 32.78 93.45 27.07 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
22 0.25 25.06 6.27 0.43 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
23 16.70 23.87 398.67 13.38 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
24 0.25 19.07 4.77 0.45 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
25 9.78 24.52 239.70 20.13 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
26 0.78 28.22 21.87 29.43 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
27 0.23 39.22 8.82 19.05 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
1 0.57 30.78 17.67 29.30 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
2 25.43 36.48 927.49 12.27 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
3 6.38 30.88 196.85 28.38 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
4 0.40 14.03 5.61 0.23 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
5 3.98 30.66 121.86 31.25 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
6 3.38 27.98 94.42 30.25 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
7 3.00 23.10 69.30 30.35 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
8 2.40 24.53 58.84 30.43 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
9 2.15 21.16 45.50 29.73 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
10 3.73 29.80 111.02 28.53 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
11 0.50 24.54 12.29 0.22 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
12 1.83 25.72 46.96 29.48 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
13 2.45 32.72 80.16 30.75 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
14 0.92 29.78 27.52 30.58 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
15 0.95 31.68 30.10 29.08 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
16 10.23 34.91 356.99 21.92 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
17 0.33 14.72 4.78 0.58 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
18 7.25 28.52 206.77 22.62 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
19 5.68 34.06 193.30 24.98 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
20 4.93 33.36 164.33 25.27 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
21 5.83 31.03 180.76 24.15 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
22 0.23 31.28 7.04 29.65 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
23 1.30 22.27 28.97 23.64 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
1 0.15 19.67 2.99 0.10 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
2 11.95 19.98 238.81 0.48 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
3 0.40 8.27 3.31 0.23 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
4 0.50 10.74 5.37 0.25 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
5 0.40 4.41 1.76 2.13 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
6 0.25 17.40 4.35 0.50 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
7 0.78 4.26 3.30 12.80 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
8 24.95 27.55 687.41 14.83 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
9 19.62 27.11 532.04 18.08 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
10 20.23 24.28 491.18 14.55 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
11 19.43 25.46 494.62 14.80 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig - Trial 3 
12 10.15 26.16 265.55 23.58 
1.wPUM Analysis for wPUM Measured 
Data - Blu E-Cig - Trial 3 
13 14.05 26.15 367.44 19.30 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
14 6.40 29.64 189.67 26.35 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
15 6.60 23.78 156.94 26.02 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
16 4.58 25.10 114.82 27.58 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
17 3.00 28.15 84.43 28.93 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
18 2.32 29.93 69.55 29.43 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
19 1.87 29.62 55.51 30.98 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
20 1.60 23.58 37.70 29.58 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
21 1.40 30.05 42.10 29.52 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
22 1.10 27.37 30.10 29.93 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
23 0.55 23.90 13.17 29.58 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
24 0.48 29.47 14.00 29.63 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
25 0.67 36.95 24.90 29.18 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
26 3.30 34.20 112.86 18.73 
 
The Zoom E-Cig condition with condensation in the proximal tubing information and plots are 
provided in both Figure 8.8 (below) and Table 8.3 (below). 






Figure 8.8: Plots of Zoom E-Cig Condition – Decreasing Puff Duration Protocol with Proximal Condensation. 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
1 0.90 12.89 11.59 7.75 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
2 0.28 42.10 11.62 1.65 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
3 0.30 13.41 4.04 1.23 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
4 0.25 7.36 1.83 0.23 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
5 0.68 6.65 4.50 0.57 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
6 1.85 9.27 17.16 0.40 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
7 0.33 9.35 3.04 0.28 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
8 0.35 9.25 3.24 0.45 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
9 0.20 9.84 1.95 0.78 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
10 1.67 27.59 46.18 2.33 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
11 3.85 18.47 71.10 0.25 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
12 0.50 6.63 3.32 22.20 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
13 7.25 31.17 226.01 0.23 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
14 15.00 30.93 463.92 15.70 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
15 5.05 38.69 195.37 3.57 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
16 15.03 22.96 345.02 11.07 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
17 4.58 34.96 159.92 12.23 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
18 11.35 23.08 261.99 6.08 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
19 4.13 32.86 135.54 7.55 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
20 11.48 23.21 266.36 10.95 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
21 3.18 33.88 107.56 14.00 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
22 1.20 9.16 11.00 14.55 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
23 3.03 32.83 99.32 29.75 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
24 2.73 33.45 91.19 29.77 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
25 2.50 32.36 80.91 29.78 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
26 2.22 21.06 46.38 14.13 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
27 7.38 19.54 144.12 8.28 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
28 0.23 9.36 2.11 1.63 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
29 21.87 23.22 507.86 8.13 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
30 0.25 22.89 5.72 1.50 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
31 4.40 23.19 102.02 26.88 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
32 2.28 23.87 54.30 28.75 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
33 2.03 22.59 45.74 28.85 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
34 1.17 21.59 25.32 10.35 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
1 13.00 34.59 449.75 27.30 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
2 8.93 34.20 305.25 30.32 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
3 5.48 28.93 158.40 30.33 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
4 5.65 25.90 146.34 0.33 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
5 1.40 19.19 26.87 28.05 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
6 4.95 26.91 133.20 34.50 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
7 1.02 32.54 33.32 36.73 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
8 0.43 36.05 15.36 33.37 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
9 1.78 22.34 39.68 33.43 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
10 3.55 24.94 88.53 37.18 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
11 0.63 15.26 9.54 0.23 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
12 0.90 22.58 20.30 165.68 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
13 2.58 23.71 67.61 28.07 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
14 0.45 28.52 12.83 30.70 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
15 0.55 26.70 14.71 29.90 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
16 0.80 26.98 21.55 36.41 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
1 2.90 28.08 81.43 0.35 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
2 0.60 12.07 7.24 0.85 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
3 0.55 10.14 5.59 2.53 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
4 0.30 17.57 5.25 1.23 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
5 0.43 21.47 9.15 145.65 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
6 4.20 29.80 125.15 32.00 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
7 3.75 36.54 137.02 31.05 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
8 3.13 38.29 119.67 31.40 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
9 3.10 36.14 111.99 31.85 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
10 3.30 36.63 120.92 32.42 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
11 2.40 32.77 78.69 32.05 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
12 2.13 33.95 72.18 31.98 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
13 1.85 35.24 65.16 32.10 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
14 1.58 34.19 53.86 31.30 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
15 1.30 34.17 44.46 33.93 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
16 1.45 35.59 51.61 36.33 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
17 0.88 34.87 30.51 31.53 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
18 0.43 33.57 14.30 30.75 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 




The plots and information generated in Table 1 for the NJoy E-Cig condition are provided in both 
Figure 8.9 (below) and Table 8.4 (below). 






Figure 8.9: Plots of NJoy E-Cig Condition – Decreasing Puff Duration Protocol with Proximal Condensation. 
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wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
1 25.15 32.30 812.38 72.55 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
2 0.53 6.34 3.33 4.45 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
3 27.28 30.03 819.02 4.88 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
4 6.45 22.99 148.34 18.73 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
5 4.15 50.76 210.62 30.00 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
6 3.50 51.60 180.60 30.10 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
7 3.00 52.12 156.37 30.22 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
8 2.75 52.29 143.84 30.15 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
9 2.55 51.25 130.69 30.15 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
10 2.28 48.66 110.70 30.20 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
11 1.98 45.64 90.19 31.50 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
12 1.73 44.06 76.01 30.47 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
13 1.55 33.80 52.39 30.15 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
14 1.23 33.72 41.31 30.18 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
15 1.08 26.23 28.20 30.15 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
16 0.80 32.43 25.98 30.25 
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wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
17 0.40 32.94 13.21 30.18 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
18 0.20 31.11 6.19 29.08 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
1 9.95 47.39 471.60 107.37 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
2 34.80 26.38 918.11 29.73 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
3 3.50 53.80 188.29 29.73 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
4 3.00 53.91 161.63 29.75 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
5 2.75 53.33 146.61 29.73 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
6 2.50 53.50 133.70 29.75 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
7 2.25 53.84 121.08 29.75 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
8 2.00 53.37 106.69 29.78 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
9 1.75 53.49 93.55 29.75 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
10 1.50 51.95 77.87 29.75 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
11 1.25 52.50 65.58 29.80 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
12 0.98 52.09 50.79 29.80 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
13 0.77 38.52 29.82 119.72 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
14 0.33 27.47 8.93 42.65 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
1 11.92 22.81 272.04 35.33 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
2 0.33 37.07 12.05 1.02 
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wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
3 6.70 18.62 124.74 32.10 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
4 0.50 12.00 6.01 0.32 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
5 2.20 20.56 45.24 31.98 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
6 0.38 9.94 3.73 1.13 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
7 0.32 9.14 2.96 0.28 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
8 0.30 11.39 3.41 30.70 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
9 0.50 29.22 14.67 1.37 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
10 0.23 8.43 1.90 1.05 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
11 0.28 13.11 3.62 0.25 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
12 0.52 22.25 11.66 31.08 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
13 0.33 22.50 7.31 33.28 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
14 0.30 39.26 11.74 2.53 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
15 0.20 52.29 10.51 62.93 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
16 0.25 35.49 8.87 1.65 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
17 0.25 10.10 2.52 30.47 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
18 0.30 42.24 12.71 17.50 
 
The same graphs and tables were created for all the testing conditions when running the Increasing 
Puff Flow Rate Protocol. The No E-Cig condition is provided in both Figure 8.10 (below) and 
Table 8.5 (below).  
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Figure 8.10: Plots of No E-Cig Condition – Increasing Puff Flow Rate Protocol with Proximal Condensation. 
















wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
1 0.25 16.48 4.12 71.55 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
2 0.52 17.93 9.40 36.73 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
3 5.03 28.02 140.83 30.05 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
4 5.00 32.97 164.82 30.30 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
5 5.03 37.97 190.82 31.60 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
6 5.55 41.02 227.67 41.28 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
7 8.33 46.00 382.97 32.28 
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wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
8 5.93 48.87 289.67 33.77 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
9 5.10 61.90 315.67 31.45 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
10 5.08 77.23 391.96 29.95 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
11 5.05 71.52 361.18 30.05 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
12 5.08 71.68 363.77 36.27 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
1 20.18 22.80 460.03 0.23 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
2 0.83 5.41 4.47 0.82 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
3 0.33 15.19 4.94 0.43 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
4 0.25 7.26 1.81 17.00 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
5 4.98 27.20 135.35 29.65 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
6 4.95 27.34 135.32 29.65 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
7 4.95 28.62 141.65 29.70 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
8 4.98 32.67 162.55 29.65 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
9 4.98 35.66 177.42 29.65 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
10 5.00 39.41 197.12 29.62 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
11 4.97 43.88 218.27 29.65 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
12 5.25 48.54 254.78 29.63 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
13 5.00 58.95 294.82 29.60 
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wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
14 5.03 71.45 359.03 29.65 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
15 5.08 75.45 382.89 29.53 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
16 5.15 100.29 516.37 22.96 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
1 2.87 13.53 38.89 21.05 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
2 29.35 33.44 981.34 0.25 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
3 0.23 12.47 2.81 252.53 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
4 0.27 9.70 2.66 35.38 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
5 0.33 17.35 5.66 2.25 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
6 0.23 5.65 1.27 0.53 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
7 1.65 10.10 16.65 30.05 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
8 4.95 25.52 126.32 29.98 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
9 5.03 28.78 144.61 30.08 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
10 5.08 35.24 178.86 30.08 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
11 5.13 39.12 200.50 30.45 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
12 5.87 41.94 246.37 29.20 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
13 34.98 25.53 892.90 40.98 
 
The plots and information generated in Table 1 for the Blu E-Cig condition with condensation in 
the proximal tubing are provided in both Figure 8.11 (below) and Table 8.6 (below). 
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Figure 8.11: Plots of Blu E-Cig Condition – Increasing Puff Flow Rate Protocol with Proximal Condensation. 
















wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
1 4.90 51.96 254.65 0.63 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
2 8.60 22.07 189.79 60.10 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
3 1.45 21.74 31.53 33.27 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
4 1.98 25.06 49.52 102.15 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
5 0.20 39.28 7.82 34.53 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
6 0.58 28.86 16.62 34.10 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
7 7.38 22.40 165.18 22.85 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
8 12.27 25.44 312.19 22.15 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
9 4.95 39.99 197.97 29.77 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
10 4.95 52.05 257.67 30.20 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
11 4.98 45.82 228.01 29.67 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
12 4.98 50.52 251.39 29.65 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
13 5.00 51.95 259.86 29.62 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
14 5.00 47.76 238.74 29.63 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
15 5.00 63.94 319.71 29.65 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
16 4.98 61.01 303.51 29.65 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
17 5.00 57.02 285.17 29.62 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
18 5.03 59.06 296.83 33.96 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
1 16.13 28.09 453.05 59.47 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
2 1.28 16.53 21.09 35.45 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
3 16.20 25.34 410.55 21.18 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
4 21.42 25.64 549.29 13.68 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
5 28.88 24.26 700.59 0.25 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
6 0.25 13.35 3.34 5.78 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
7 27.72 24.41 676.74 10.03 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
8 27.48 25.40 697.96 8.52 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
9 30.38 24.11 732.47 2.73 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
10 0.32 7.24 2.34 33.45 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
11 3.58 16.28 58.21 30.10 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
12 6.48 30.50 197.50 28.65 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
13 5.05 57.50 290.45 30.18 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
14 5.08 62.43 316.82 30.12 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
15 5.03 55.14 277.13 30.05 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
16 5.05 45.36 229.09 31.87 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
17 5.23 49.79 260.22 30.02 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
18 5.20 47.48 246.88 0.35 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
19 34.70 32.24 1118.84 1.45 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
20 33.62 29.74 1000.02 21.23 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
1 27.30 28.64 781.93 14.27 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
2 0.23 22.02 4.95 34.70 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
3 0.73 22.95 16.64 34.28 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
4 27.20 26.78 728.45 7.87 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
5 30.08 27.84 837.21 4.93 
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wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
6 30.10 46.61 1402.83 4.90 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
7 30.35 47.27 1434.75 4.67 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
8 30.23 47.81 1445.10 11.95 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
9 30.22 28.92 874.12 35.40 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
10 4.83 42.93 207.12 29.98 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
11 5.05 50.85 256.78 30.23 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig - Trial 3 
12 5.00 35.21 176.02 30.08 
1.wPUM Analysis for wPUM Measured 
Data - Blu E-Cig - Trial 3 
13 5.00 36.65 183.26 30.18 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
14 4.98 34.71 172.73 30.62 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
15 5.08 37.83 191.98 30.85 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
16 5.08 41.35 209.84 28.99 
 
The plots and information generated for the Zoom E-Cig condition are provided in both Figure 
8.12 (below) and Table 8.7 (below). 








Figure 8.12: Plots of Zoom E-Cig Condition – Increasing Puff Flow Rate Protocol with Proximal Condensation. 

















wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
1 4.95 50.06 247.81 0.60 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
2 1.10 20.84 22.92 28.00 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
3 5.48 52.81 289.18 29.20 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
4 1.00 47.01 47.01 0.90 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
5 0.43 11.84 5.04 0.45 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
6 0.32 14.40 4.65 1.53 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
7 2.15 21.39 45.99 32.77 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
8 16.75 25.60 428.75 17.95 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
9 21.68 26.55 575.51 13.22 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
10 24.40 26.49 646.36 0.33 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
11 0.25 7.24 1.81 9.78 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
12 26.25 26.94 707.31 0.73 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
13 1.58 8.27 13.02 6.35 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
14 30.00 27.42 822.72 4.73 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
15 22.60 27.01 610.47 12.10 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
16 29.50 24.96 736.21 0.28 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
17 0.23 9.62 2.16 34.62 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
18 5.05 34.22 172.82 29.68 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
19 5.15 42.22 217.44 29.63 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
20 5.05 42.47 214.50 29.65 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
21 5.38 58.88 316.55 29.48 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
22 5.00 68.87 344.29 29.85 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
23 5.00 71.48 357.48 29.73 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
24 5.00 73.67 368.26 29.78 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
25 5.00 51.72 258.56 29.78 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
26 4.97 48.70 242.21 17.24 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
1 4.95 49.05 242.79 31.70 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
2 5.10 56.65 288.99 31.12 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
3 1.40 50.02 70.03 38.45 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
4 0.30 32.92 9.91 34.82 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
5 0.28 34.52 9.53 35.43 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
6 0.27 36.98 10.13 37.75 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
7 0.55 34.10 18.72 34.45 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
8 1.17 30.55 35.87 33.78 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
9 1.83 28.58 52.15 33.18 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
10 1.30 29.80 38.74 33.85 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
11 1.10 31.75 34.93 33.98 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
12 1.25 32.22 40.28 28.87 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
13 6.10 37.28 227.44 29.10 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
14 5.02 54.34 272.99 30.70 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
15 5.30 60.99 323.23 31.18 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
16 5.03 51.55 259.03 0.70 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
17 34.35 38.16 1310.65 29.93 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
18 5.03 50.00 251.28 29.87 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
19 5.05 52.67 266.04 29.95 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
20 5.08 47.00 238.54 30.99 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
1 4.97 39.35 195.73 30.13 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
2 5.05 53.85 271.93 30.03 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
3 1.58 52.73 83.05 3.62 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
4 0.23 30.80 6.96 36.30 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
5 1.48 28.73 42.40 33.75 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
6 2.08 28.73 59.62 33.05 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
7 2.88 28.06 80.71 32.38 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
8 3.40 28.30 96.18 31.63 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
9 4.58 28.07 128.45 30.50 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
10 3.57 25.74 91.95 31.65 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
11 4.38 26.73 116.96 30.88 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
12 0.20 44.66 8.98 34.97 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
13 0.33 40.65 13.21 103.58 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
14 5.50 51.33 282.27 32.60 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
15 5.33 27.90 148.56 30.90 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
16 5.00 38.74 193.76 30.08 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
17 5.05 33.45 168.94 30.23 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
18 5.05 34.63 174.86 31.18 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
19 5.15 34.72 178.81 34.30 
 
The NJoy E-Cig condition plots and information generated in Table 1 are provided in both Figure 
8.13 (below) and Table 8.8 (below). 






Figure 8.13: Plots of NJoy E-Cig Condition – Increasing Puff Flow Rate Protocol with Proximal Condensation. 
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wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
1 5.25 47.70 250.36 31.98 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
2 5.15 55.96 288.20 39.60 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
3 0.85 23.96 20.37 36.75 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
4 7.75 26.18 202.86 28.35 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
5 17.25 26.21 452.12 20.95 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
6 21.45 27.16 582.53 14.87 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
7 18.88 28.02 528.82 19.78 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
8 17.85 26.64 475.48 19.18 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
9 3.15 23.16 72.97 29.17 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
10 4.60 22.41 103.11 30.80 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
11 5.20 37.54 195.23 30.90 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
12 5.45 46.00 250.68 180.37 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
13 5.13 55.88 286.42 14.58 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
14 21.43 30.28 648.76 30.88 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
15 5.18 49.46 256.01 31.45 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
16 5.32 47.93 255.18 37.31 
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wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
1 5.00 46.17 230.90 32.35 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
2 10.15 38.46 390.28 38.18 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
3 13.25 25.26 334.64 22.73 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
4 21.13 26.17 552.89 14.03 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
5 19.15 26.11 499.97 0.23 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
6 0.53 10.22 5.36 15.25 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
7 19.65 26.04 511.74 15.60 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
8 21.48 27.15 583.14 13.72 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
9 22.28 27.41 610.48 12.87 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
10 7.78 25.36 197.20 27.37 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
11 27.30 25.60 698.80 3.15 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
12 0.30 41.31 12.35 0.87 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
13 4.20 25.58 107.45 29.95 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
14 5.40 42.79 231.09 31.38 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
15 5.02 41.03 206.13 30.25 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
16 5.08 47.97 243.46 30.15 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
17 40.25 50.97 2051.63 30.25 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
18 5.10 67.91 346.33 30.20 
366 
 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
19 5.05 87.44 441.51 30.10 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
20 5.05 73.37 370.44 30.13 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
21 5.08 83.47 423.60 21.94 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
1 5.15 74.14 381.83 30.35 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
2 5.03 66.20 332.66 30.20 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
3 0.28 31.18 8.58 4.65 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
4 0.25 28.75 7.19 35.13 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
5 1.47 28.84 42.51 34.13 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
6 1.45 28.66 41.55 33.73 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
7 1.60 28.73 45.95 33.48 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
8 1.90 28.06 53.32 33.45 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
9 2.95 26.68 78.73 27.35 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
10 0.28 23.20 6.38 4.60 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
11 0.73 34.07 24.70 30.48 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
12 0.35 32.52 11.38 4.58 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
13 0.50 39.43 19.71 29.85 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
14 5.50 30.64 168.54 30.48 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
15 5.43 37.41 202.97 33.02 
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wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
16 5.60 39.48 221.13 30.15 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
17 6.85 52.45 359.29 28.35 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
18 4.85 45.40 220.19 30.40 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
19 4.98 56.52 281.21 30.80 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
20 5.07 45.96 233.21 30.15 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
21 5.15 49.54 255.16 5.22 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
22 11.63 21.47 249.57 15.65 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
23 5.05 47.97 242.26 4.87 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
24 23.10 23.18 535.41 2.20 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
25 5.05 48.51 244.96 5.08 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
26 0.70 16.46 11.51 23.14 
 
The graphs and tables identified below were created for the Decreasing Puff Period Protocol with 
condensation in the proximal tubing. The No E-Cig condition is provided in both Figure 8.14 
(below) and Table 8.9 (below).  








Figure 8.14: Plots of No E-Cig Condition – Decreasing Puff Period Protocol with Proximal Condensation. 
















wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
1 14.80 20.49 303.17 6.35 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
2 0.43 5.44 2.32 6.35 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
1 16.22 18.37 298.01 1000.00 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
1 0.23 7.98 1.80 0.73 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
2 1.17 11.12 13.05 0.73 
 
From the results produced in Table 1 it should be expected that no puffs were detected since the 
prescribed 8mL/s flow rate is within the noise region. Therefore, the results produced are fairly 
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consistent with what is expected. In an effort to see what the results would have been the Voltage 
Cutoff was changed to a value of 2 instead of 15 digital counts. This change is an unrealistic noise 
compensation value. The plots and information generated for the Blu E-Cig condition with this 
modification are provided in both Figure 8.15 (below) and Table 8.10 (below). 










Table 8.10: Table 1 generated from the TAP for the Decreasing Puff Period Protocol Modified Blu E-Cig condition 
















wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
1 1.05 17.21 18.07 9.00 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
2 0.95 18.71 17.80 9.05 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
3 0.68 19.49 13.15 9.33 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
4 0.52 20.82 10.91 36.03 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
5 0.28 21.24 5.86 5.75 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
6 1.15 21.47 24.72 4.90 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
7 1.18 21.44 25.19 1.50 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
8 0.50 2.52 1.26 2.85 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
9 4.95 10.68 52.87 30.15 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
10 0.85 21.87 18.57 2.68 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
11 0.30 5.09 1.53 1.70 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
12 1.10 26.72 29.39 4.25 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
13 1.10 18.59 20.45 4.75 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
14 6.55 11.51 75.39 0.25 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
15 0.80 1.84 1.47 29.20 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
16 1.05 20.44 21.48 4.58 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
17 0.65 26.90 17.46 2.93 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
18 0.48 6.01 2.86 1.58 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
19 0.75 29.79 22.37 4.85 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
20 15.97 10.18 162.55 2.83 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
21 0.23 0.88 0.20 17.48 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
22 0.95 21.99 20.91 4.68 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
23 0.77 20.61 15.95 0.25 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
24 0.25 3.30 0.83 4.05 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
25 0.85 24.89 21.15 1.10 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
26 0.27 5.81 1.59 0.53 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
27 0.22 7.16 1.60 7.55 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
1 0.55 8.76 4.83 6.40 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
2 0.28 4.99 1.37 0.55 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
3 2.88 8.12 23.34 5.15 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
4 0.58 6.95 4.00 0.82 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
5 0.23 5.79 1.30 0.23 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
6 3.05 11.03 33.63 31.55 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
7 3.60 9.09 32.72 0.88 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
8 5.22 14.32 74.81 0.88 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
9 13.45 21.21 285.27 28.03 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
10 0.20 0.98 0.19 0.75 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
11 0.70 7.01 4.90 0.23 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
12 5.43 19.66 106.64 0.50 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
13 0.28 4.71 1.30 0.30 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
14 15.73 15.91 250.25 29.35 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
15 16.08 29.71 477.64 4.50 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
16 4.00 9.57 38.26 31.20 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
17 0.63 28.01 17.51 1.05 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
18 0.60 3.40 2.04 1.10 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
19 0.23 5.33 1.20 1.55 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
20 0.40 26.80 10.69 0.70 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
21 0.20 11.40 2.29 3.88 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
22 0.40 31.70 12.65 0.33 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
23 0.35 5.26 1.84 3.82 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
24 4.43 10.50 46.50 6.68 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
1 3.10 10.89 33.78 7.30 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
2 3.58 10.68 38.20 7.00 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
3 5.10 11.39 58.07 30.35 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
4 0.75 6.82 5.11 5.35 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
5 1.50 12.83 19.26 4.50 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
6 1.15 23.47 26.97 4.88 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
7 6.65 12.37 82.26 28.42 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
8 0.40 13.25 5.30 5.15 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
9 0.80 14.45 11.57 4.77 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
10 0.43 18.82 8.02 5.12 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
11 0.45 19.46 8.78 39.97 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
12 0.38 20.62 7.73 4.98 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
13 0.73 17.70 12.83 4.58 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
14 0.48 22.97 10.91 36.75 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
15 0.40 19.00 7.62 5.12 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
16 0.48 27.72 13.17 5.00 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
17 0.50 27.94 13.97 5.15 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 




The Blu E-Cig plots and information generated in Table 1 utilizing the original Voltage Cutoff = 
15 digital counts are identified in Figure 8.16 (below) and Table 8.11 (below). 






Figure 8.16: Plots of Blu E-Cig Condition – Decreasing Puff Period Protocol with Proximal Condensation. 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
1 0.33 31.34 10.22 9.72 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
2 0.33 31.48 10.23 9.68 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
3 0.25 30.99 7.75 9.75 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
4 0.23 30.70 6.91 42.35 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
5 0.42 29.50 12.51 5.63 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
6 0.42 30.00 12.72 5.60 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
7 0.40 29.80 11.92 34.70 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
8 0.33 28.98 9.45 5.20 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
9 0.37 29.92 11.19 0.28 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
10 0.35 30.59 10.71 4.60 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
11 0.50 29.61 14.80 5.10 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
12 0.52 28.07 14.71 36.28 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
13 0.58 31.77 18.27 5.05 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
14 0.58 26.18 15.08 5.05 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
15 0.67 29.64 19.98 5.00 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
16 0.75 26.87 20.15 35.90 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
17 0.65 26.10 17.02 4.75 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
18 0.38 29.25 10.97 4.95 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
19 0.60 29.40 17.64 5.05 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
20 2.37 23.05 54.72 12.35 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
1 0.82 13.27 10.93 1.55 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
2 4.58 28.17 128.90 2.93 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
3 3.13 27.51 85.97 34.73 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
4 2.12 28.54 60.63 0.45 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
5 0.28 20.89 5.75 7.55 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
6 2.82 13.19 37.24 0.50 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
7 0.28 20.87 5.76 2.65 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
8 2.15 18.07 38.84 32.30 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
9 13.85 31.34 434.02 4.75 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
10 0.25 30.30 7.55 34.95 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
11 0.55 25.30 13.91 4.60 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
12 0.35 26.36 9.22 4.83 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
13 0.35 31.23 10.93 4.83 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
14 0.33 29.31 9.53 10.51 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
1 0.30 19.15 5.73 4.60 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
2 1.00 24.54 24.59 5.05 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
3 0.55 21.96 12.10 40.05 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
4 0.20 22.89 4.56 5.38 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
5 0.20 23.46 4.67 5.35 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
6 0.20 25.52 5.08 40.23 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
7 0.20 25.95 5.19 10.43 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
8 0.28 29.25 8.07 42.47 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
9 0.40 27.48 11.02 5.10 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
10 0.40 28.90 11.53 5.23 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
11 0.88 27.58 24.13 16.39 
 
The plots and information generated in Table 1 for the Zoom E-Cig condition are provided in both 
Figure 8.17 (below) and Table 8.12 (below). 








Figure 8.17: Plots of Zoom E-Cig Condition – Decreasing Puff Period Protocol with Proximal Condensation. 

















wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
1 0.63 29.71 18.57 10.35 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
2 0.65 29.85 19.40 9.43 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
3 0.75 28.70 21.53 9.25 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
4 0.95 28.06 26.66 34.13 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
5 1.05 27.69 29.10 5.10 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
6 1.27 25.63 32.65 4.83 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
7 1.25 24.09 30.14 4.83 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
8 0.80 28.81 23.02 34.38 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
9 0.75 31.11 23.30 4.80 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
10 0.80 30.67 24.50 4.78 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
11 0.77 30.40 23.53 4.75 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
12 0.73 29.57 21.44 34.30 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
13 0.55 36.56 20.07 4.78 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
14 0.50 29.71 14.83 4.83 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
15 0.48 31.31 14.87 4.93 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
16 0.75 28.46 21.35 34.38 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
17 0.53 31.29 16.42 4.65 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
18 0.20 42.02 8.40 4.98 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
19 0.40 38.58 15.47 4.80 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
20 0.98 27.37 26.68 11.80 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
1 0.20 30.20 6.01 11.05 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
2 0.25 28.96 7.24 10.92 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
3 0.28 28.14 7.77 10.40 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
4 0.27 28.59 7.83 36.90 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
5 0.32 29.53 9.57 6.08 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
6 0.38 28.67 10.75 6.10 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
7 0.38 27.42 10.28 6.03 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
8 0.43 27.85 11.86 36.23 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
9 0.38 28.99 10.87 5.43 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
10 0.45 28.78 12.95 0.22 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
11 0.33 20.92 6.80 4.83 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
12 0.78 21.66 16.78 5.05 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
13 0.55 27.56 15.18 36.13 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
14 0.70 31.98 22.38 4.95 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
15 0.50 29.90 14.95 5.03 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
16 0.53 27.82 14.60 5.03 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
17 0.57 25.61 14.67 37.90 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
18 0.55 23.50 12.95 5.18 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
19 0.45 28.89 12.97 5.43 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
20 0.68 29.78 20.13 5.00 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
21 0.38 26.67 10.00 12.19 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
1 0.20 22.99 4.60 69.93 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
2 10.20 27.26 278.06 6.13 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
3 0.33 21.76 7.09 4.72 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
4 4.98 41.46 206.28 0.27 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
5 5.05 42.53 214.82 0.25 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
6 5.00 42.24 211.18 7.55 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
7 28.77 33.41 961.30 0.33 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
8 0.23 8.05 1.81 3.13 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
9 2.00 14.40 28.79 3.15 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
10 1.43 18.15 25.86 0.45 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
11 0.23 5.75 1.29 9.59 
 
The NJoy E-Cig condition with condensation in the proximal tubing information and plots are 
provided in both Figure 8.18 (below) and Table 8.13 (below). 








Figure 8.18: Plots of NJoy E-Cig Condition – Decreasing Puff Period Protocol with Proximal Condensation. 
















wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
1 0.45 29.65 13.34 9.93 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
2 0.52 29.30 15.35 9.75 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
3 0.50 29.77 14.88 9.90 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
4 0.50 29.52 14.76 35.43 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
5 0.35 30.98 10.84 6.40 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
6 0.40 31.64 12.66 6.45 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
7 0.43 31.47 13.41 6.22 
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wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
8 0.45 31.60 14.22 41.80 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
9 0.40 31.82 12.76 7.07 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
10 0.45 31.06 14.01 0.23 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
11 0.35 22.29 7.80 4.95 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
12 0.80 25.39 20.29 5.20 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
13 0.50 30.87 15.43 36.53 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
14 0.58 34.52 19.85 5.00 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
15 0.55 29.38 16.19 5.15 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
16 0.70 30.59 21.41 4.75 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
17 0.60 29.15 17.49 35.38 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
18 0.55 31.81 17.53 4.72 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
19 0.35 38.18 13.40 4.87 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
20 0.35 35.21 12.32 4.88 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
21 0.98 25.25 24.62 12.23 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
1 2.18 22.66 49.28 7.78 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
2 2.80 23.03 64.45 7.20 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
3 2.57 23.88 61.47 7.38 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
4 2.78 23.78 65.99 32.00 
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wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
5 1.25 27.97 34.97 4.73 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
6 1.27 26.34 33.56 4.73 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
7 1.10 27.91 30.70 4.90 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
8 2.57 24.53 63.13 32.23 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
9 0.78 30.79 23.89 4.73 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
10 0.77 30.53 23.63 4.75 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
11 0.75 30.96 23.25 4.75 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
12 2.60 23.57 61.26 32.23 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
13 0.73 31.91 23.14 4.55 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
14 0.70 27.35 19.17 4.58 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
15 0.52 30.77 16.12 4.73 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
16 4.98 21.57 107.29 29.83 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
17 0.38 36.12 13.54 4.75 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
18 0.38 37.01 13.88 4.75 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
19 0.35 36.52 12.78 4.73 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 




8.3.3 Discussion of Results 
The results produced in this study identified various anomalies that did not support a one to one 
comparison with the data measured in Aim 1. The first quantitative difference that was observed 
between the Input File for the PES and the Measured wPUM Voltage was the difference in number 
of puffs. The Decreasing Puff Duration and Increasing Puff Flow Rate protocols both had 20 
prescribed puffs while the Decreasing Puff Period had 15 puffs. The measured data in this study 
did not produce the prescribed puffs. Some trials recorded more puffs and some trials recorded 
less. In an effort to investigate if the wPUM was measuring the input protocol an example of a raw 
data file was plotted in Microsoft Excel. Figure 8.19 (below) is the No E-Cig condition Trail 2 
with condensation in the Proximal tubing for the Decreasing Puff Duration protocol.  
 
Figure 8.19: Raw Data Plot of No E-Cig Condition Trial 2 – Decreasing Puff Duration with Proximal Condensation.  
It can be qualitatively observed that the wPUM measured the prescribed 20 puffs from the 
Decreasing Puff Duration protocol. This example affirms that under condensation conditions the 
wPUM can still measure the prescribed number of puffs. This also shows variable drift in a given 
puffing session. Figure 8.20 (below) is the corresponding output plot for Flow Rate from the TAP 




Figure 8.20: Zoomed in plot of the corresponding Flow Rate (mL/s) over Time (s) for the wPUM Measured Data – 
No E-Cig Condition – Trial 2 with condensation in the Proximal tubing.  
Qualitatively it can be seen how the TAP modified the baseline in order to capture topography data 
for this specific example. Instead of 20 puffs being measured the TAP recorded 12 puffs that are 
denoted in orange. From the raw data file puffs #3 – 8 and 19 – 20 were excluded. The reason why 
the first set of puffs were excluded was because to the TAP it appeared like one long puff after 
Baseline Drift Compensation that exceeded the prescribed Maximum Puff Duration value. The last 
two puffs were excluded because they were less than the Minimum Puff Duration value. This 
shows that by using the Baseline Drift Compensation puff volume was artificially created by 
shifting the baseline. Luckily in this example because the TAP identified puffs #3 – 8 as one big 
puff it was excluded because of the Maximum Puff Duration module. This issue becomes 
problematic if puffs are included. The Baseline Drift Compensation can inadvertently create puffs, 
exclude puffs, create more puff volume, exclude puff volume, increase or decrease measured puff 
flow rate, as well as increase or decrease puff duration. Figure 8.21 (below) shows an example of 
how variable measured puffs could become utilizing the Baseline Drift Compensation. It should 




Figure 8.21: Zoomed in plot of the corresponding Flow Rate (mL/s) over Time (s) for the wPUM Measured Data – 
Zoom E-Cig Condition – Trial 1 with condensation in the Proximal tubing.  
This study did produce some repeatable observations that were made in both the RTI study as well 
as Aim 1. One of the first repeatable anomalies was overshoot and undershoot at the beginning 
and ending of puffs. Figure 8.22 (below) shows an example of this behavior in the raw data file 
for the Decreasing Puff Duration Zoom E-Cig condition Trial 1.  
 
Figure 8.22: Raw Data Plot of Zoom E-Cig Condition Trial 1 – Decreasing Puff Duration with Proximal 
Condensation. Example of Overshoot/Undershoot at the beginning and ending of puffs.  
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The other repeatable observation that was duplicated was the large measured voltages when a small 
flow rate was prescribed in the Increasing Puff Flow Rate protocol. Figure 8.23 (below) shows 
puffs #1 and 2 which correlate to a Flow Rate = 1 or 2 mL/s outputting a large voltage reading. 
This suggests that the behavior is not impacted by the absence or presence of condensation.  
 
Figure 8.23: Plot of No E-Cig Condition Trial 2 – Increasing Puff Flow Rate with Proximal Condensation. Example 
of anomaly associated with low prescribed flow rates and high measured voltage responses. 
The last observation that was made in this study corresponds to the measured Decreasing Puff 
Period results. Theoretically the TAP should have not produced any data in Table 1 – 4 for any of 
the conditions because the prescribed 8 mL/s flow rate fell in between the noise region associated 
at the baseline. This would make a one to one comparison between this study and Aim 1 
impossible. However, for some trials in some conditions data was measured. Figure 8.24 (below) 
is an example of the TAP reporting one puff for the Decreasing Puff Period No E-Cig condition 




Figure 8.24: Plot of No E-Cig Condition Trial 2 – Decreasing Puff Period with Proximal Condensation. Example of 
puff measured using realistic Voltage Cut Off. 
This supports the observation that utilizing the Baseline Drift Compensation could artificially 
create puff topography that is not accurate or reflective of the real data. It is suggested for future 
studies to not utilize an algorithm to compensate for condensation but instead physically build a 
contraption within the wPUM that can mitigate condensation buildup. This would help ensure the 
integrity of the measured differential pressure across the orifice plate.   
8.3.4 Conclusions 
This study wanted to evaluate the ability of the wPUM and TAP to detect the RIT Testing 
Conditions when condensation was introduced to the Proximal tubing of the wPUM Orifice Plate 
Assembly. In this aim variable puff duration did not have any different results produced from the 
four testing conditions however, in the variable puff flow rate test the No E-Cig condition 
qualitatively appeared to have the worst drift cases and in the variable puff period test the No E-
Cig condition produced the most accurate results. This study was unable to do a one to one 
comparison between the results produced in this test to the ones produced in Aim 1 due to the 
inconsistent number of puffs. Overall utilizing the Baseline Drift Compensation module in order 
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to save data that experienced drift due to condensation is not the most accurate approach. It does 
however salvage data that would otherwise be discarded which is valuable. The largest issue with 
the Baseline Drift Compensation algorithm is that it  can artificially alter puffing topography which 
degrades the integrity of the data. Moving forward it is recommended to investigate how to 
mitigate condensation by constructing a contraption in the wPUM capable of capturing 
condensation without negatively influencing the flow characteristics or differential pressure across 
the orifice plate. Aim 4.2 (below) will investigate the effects of condensation in the Distal tubing. 
8.4 AIM 4.2 – WPUM AND TAP EVALUATION DETECTING RIT TESTING 
CONDITIONS WITH CONDENSATION IN DISTAL TUBING 
8.4.1 Experimental Procedures 
This study utilized the same experimental procedures described in section 8.3.1 (above). The only 
modification to this set-up was injecting condensation into the distal tubing instead of the proximal 
tubing. Figure 8.25 (below) shows the Orifice Plate Assembly with condensation in the distal 
tubing.  
 
Figure 8.25: Orifice Plate Assembly with condensation injected into the Distal tubing.  
A few modifications to the code needed to be changed in order to reflect this study. These 
modifications can be observed in the code provided below.  
¼” Condensation slug 




WorkingFiles\Data Processing\Aim 4\Posterior\'; %Location on disk  
inputfoldername = strcat(pathname,'Decreasing Puff Duration\'); 
%Location of input data 
outputfoldername = strcat(pathname,'Decreasing Puff Duration\'); 
%Location where data will be outputted 
subjectnamecelldata = { 'Blu\'; 'Njoy\'; 'No Ecig\'; 'Zoom\'; } 
; %Location of each testing condition 
% Add a new folder to the array below if more testing conditions 
are evaluated 
% Remember the end back slash on the right side 
 
else                                % OCTAVE CODE 
 
% linux box at home, with octave 
  
pathname='..\'; % Location on disk 
 
inputfoldername  = strcat(pathname,'..\Decreasing Puff 
Duration\'); %Location of input data 
  
outputfoldername = strcat(pathname,'Decreasing Puff Duration\'); 
%Location where data will be outputted 
This study required the Baseline Drift Compensation module to be turned on. The code provided 
below shows how to do this. 





The same Topography plots in Aim 4.1 (above) were generated for this study for each varying puff 
topography characteristic, testing condition, and trial. In the plot there are two graphs. The first 
graph shows the measured Flow Rate in mL/s on the y-axis and the Time in seconds on the x-axis. 
The measured raw data signal is denoted in blue while the interpreted signal, based on the criteria 
in the TAP, is denoted in orange. The second graph shows the Cumulative Volume in mL over the 
entire puffing session.  
The graph corresponding to the Decreasing Puff Duration Protocol for the No E-Cig Condition is 
provided in Figure 8.26 (below).  
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Figure 8.26: Plots of No E-Cig Condition – Decreasing Puff Duration Protocol with Distal Condensation. 
In addition to the plots, information about each test ran is provided in both the Matlab command 
window and in the generated Table 0. An example of the information outputted for Trial 1 for the 
No E-Cig condition is provided below. 
* * * Puffing session data analysis * * *   
 * * * * * * Beginning Analysis of Subject Data  * * * * * * * * * * * *   
             Subject Data Folder: No E-Cig\   
 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *   
             Analysis Protocol File for this Subject series: AnalysisProtocol.csv   
 * * * Conducting wPUM Topography Analysis of Voltage Datafile: wPUM Measured Data - No 
E-Cig - Trial 1.TXT   
ReadPuffDataFile(): fullpath 
C:\Users\Karina\Documents\KarinaRoundtree\web\private\WorkingFiles\Data Processing\Aim 
4\Posterior\Decreasing Puff Duration\No E-Cig\wPUM Measured Data - No E-Cig - Trial 1.TXT 
ReadPuffDataFile(): Size of data=26766 
numdata1 26765 
 Number of puffs taken 20  
 Consolidated number of puffs 20  
 Number of consolidated puffs exceeding minimum duration:  18 
 
The information generated in Table 1 is provided in Table 8.14 (below) for the No E-Cig condition. 
This table captures information for every puff taken in every session. It has been modified in this 
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document in order to show the information pertinent to this specific aim. The information that was 
excluded are: Subject, Puff Start and End time, as well as the Session Time and Date stamp.  
















wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
1 9.93 25.44 252.56 29.77 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
2 7.95 28.73 228.39 29.78 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
3 4.95 30.57 151.33 29.77 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
4 4.48 33.64 150.52 29.75 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
5 4.03 36.40 146.50 29.75 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
6 3.50 35.44 124.03 29.75 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
7 2.97 34.27 101.93 29.78 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
8 2.72 34.56 94.15 29.78 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
9 2.50 33.03 82.61 29.77 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
10 2.23 34.74 77.34 29.90 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
11 1.98 35.70 70.55 29.80 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
12 1.75 35.45 62.01 29.78 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
13 1.50 34.93 52.39 29.83 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
14 1.22 34.46 42.18 29.80 
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wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
15 1.05 37.08 38.93 29.77 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
16 0.80 35.78 28.66 29.77 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
17 0.40 37.18 14.91 29.80 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
18 0.23 38.50 8.66 29.79 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
1 0.30 28.26 8.51 2.53 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
2 7.20 23.07 166.10 31.65 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
3 8.48 37.37 316.78 30.12 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
4 5.10 42.65 217.52 1.88 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
5 0.67 14.38 9.70 0.73 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
6 3.28 17.99 58.94 0.22 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
7 12.90 18.81 242.65 0.23 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
8 2.35 10.97 25.79 2.60 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
9 0.25 9.17 2.29 0.23 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
10 2.25 16.54 37.23 2.72 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
11 4.58 42.40 193.98 0.73 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
12 24.08 21.88 526.81 0.22 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
13 0.53 9.68 5.09 0.38 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
14 0.45 9.77 4.40 0.32 
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wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
15 11.08 27.57 305.40 26.43 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
16 3.55 39.07 138.66 7.95 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
17 1.55 15.36 23.83 0.42 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
18 0.30 11.30 3.40 0.33 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
19 0.78 5.04 3.91 0.33 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
20 0.35 15.52 5.43 1.05 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
21 0.70 14.46 10.12 1.03 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
22 0.28 10.30 2.83 0.38 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
23 1.20 10.64 12.77 13.53 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
24 3.03 38.98 117.91 35.77 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
25 3.40 38.98 132.52 32.00 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
26 2.58 39.14 100.83 17.07 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
27 9.33 18.60 173.46 0.23 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
28 0.50 13.03 6.51 2.93 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
29 2.27 39.45 89.70 32.63 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
30 2.18 39.66 86.27 19.60 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
31 20.30 23.24 471.82 25.93 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
32 1.55 36.96 57.33 30.15 
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wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
33 1.33 40.06 53.08 30.10 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
34 1.00 38.87 38.91 31.72 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
35 0.83 35.83 29.56 30.03 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
36 0.40 39.35 15.70 30.28 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
37 0.25 42.37 10.59 4.02 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
38 0.25 7.17 1.79 0.23 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
39 9.15 22.09 202.08 11.81 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
1 0.22 30.46 6.82 7.45 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
2 0.60 9.93 5.96 0.43 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
3 0.63 19.05 11.91 0.30 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
4 0.35 12.86 4.50 31.33 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
5 8.70 33.07 287.67 31.50 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
6 4.95 34.97 173.12 30.30 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
7 4.73 35.38 167.20 30.77 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
8 4.00 35.42 141.72 29.85 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
9 3.48 36.94 128.38 30.70 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
10 3.00 36.79 110.37 29.38 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
11 2.82 37.89 106.99 29.80 
403 
 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
12 2.50 34.50 86.22 29.83 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
13 2.28 38.19 86.88 29.88 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
14 1.97 37.49 74.00 29.93 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
15 1.75 36.23 63.37 29.88 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
16 1.50 36.17 54.22 31.03 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
17 1.28 34.64 44.20 30.75 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
18 1.00 34.71 34.74 29.83 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
19 0.80 36.06 28.81 29.83 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
20 0.40 33.43 13.40 29.90 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
21 0.20 41.06 8.25 26.15 
 
The plots and information for the Blu E-Cig condition are provided in both Figure 8.27 (below) 
and Table 8.15 (below). 








Figure 8.27: Plots of Blu E-Cig Condition – Decreasing Puff Duration Protocol with Distal Condensation. 

















wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
1 12.28 51.97 637.98 31.88 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
2 8.25 54.62 450.60 22.85 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
3 13.88 32.74 454.44 32.33 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
4 5.37 47.59 255.73 31.80 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
5 4.27 50.91 217.59 31.20 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
6 3.63 53.89 195.35 26.95 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
7 7.05 31.71 223.50 30.93 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
8 2.90 49.08 142.34 31.23 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
9 2.70 55.99 151.12 23.25 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
10 11.15 25.97 289.57 10.08 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
11 23.87 27.93 666.83 31.88 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
12 2.40 50.86 122.05 33.15 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
13 1.68 53.32 89.36 0.25 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
14 32.25 25.97 837.67 3.43 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
15 28.65 30.66 878.27 8.90 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
16 13.35 22.43 299.41 0.22 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
17 1.65 9.78 16.14 6.05 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
18 1.98 31.94 63.15 4.07 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
19 28.08 25.09 704.50 20.02 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
1 10.03 53.02 531.61 29.92 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
2 8.05 50.50 406.60 30.00 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
3 5.05 47.78 241.29 30.00 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
4 4.55 48.12 218.88 29.98 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
5 4.07 47.49 193.46 29.93 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
6 3.55 45.48 161.49 15.13 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
7 2.75 19.05 52.39 13.75 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
8 3.28 49.10 160.84 36.30 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
9 2.95 49.46 145.94 30.65 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
10 2.55 52.97 135.12 29.95 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
11 2.33 51.00 118.58 29.97 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
12 2.05 50.65 103.82 32.23 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
13 1.80 33.75 60.76 29.90 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
14 1.05 23.28 24.44 0.25 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
15 0.20 22.16 4.45 0.33 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
16 0.75 18.87 14.15 17.03 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
17 13.18 21.11 278.16 0.42 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
18 9.70 20.79 201.70 19.68 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
19 1.08 40.60 43.69 29.95 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
20 0.82 38.89 32.05 29.88 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
21 0.42 35.26 14.95 30.78 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
22 0.28 57.01 15.68 30.80 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
23 0.40 34.42 13.80 0.65 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
24 25.08 19.02 476.82 22.93 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
1 10.10 42.94 433.68 29.90 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
2 8.02 35.78 287.06 30.23 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
3 5.37 37.02 198.92 31.98 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
4 4.85 31.91 154.72 30.60 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
5 4.05 37.07 150.19 30.45 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
6 6.85 27.95 191.52 27.40 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
7 3.07 43.12 132.55 30.58 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
8 11.70 25.63 299.82 21.13 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
9 2.58 42.68 109.94 30.05 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
10 2.33 42.07 97.86 29.90 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
11 2.03 45.86 92.87 29.90 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig - Trial 3 
12 8.70 25.39 220.91 12.43 
1.wPUM Analysis for wPUM Measured 
Data - Blu E-Cig - Trial 3 
13 12.72 22.83 290.45 29.88 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
14 1.30 41.10 53.43 29.98 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
15 1.03 49.07 50.35 31.03 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
16 0.90 35.67 32.06 3.20 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
17 17.78 19.47 346.00 0.42 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
18 0.43 4.20 1.78 10.38 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
19 18.75 21.71 406.97 10.63 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
20 30.23 23.61 713.55 0.78 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
21 4.72 17.18 81.18 22.54 
 
The Zoom E-Cig condition information and plots are provided in both Figure 8.28 (below) and 
Table 8.16 (below). 






Figure 8.28: Plots of Zoom E-Cig Condition – Decreasing Puff Duration Protocol with Distal Condensation. 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
1 10.03 58.51 586.54 29.90 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
2 8.35 54.10 451.88 31.00 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
3 5.05 51.88 262.01 29.90 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
4 4.52 54.09 244.69 30.15 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
5 4.05 52.78 213.69 29.95 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
6 3.55 52.48 186.34 29.93 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
7 3.05 51.39 156.75 30.00 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
8 2.80 50.87 142.44 30.08 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
9 2.58 50.33 129.59 30.00 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
10 2.30 50.71 116.64 30.13 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
11 2.10 50.16 105.29 43.03 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
12 2.52 49.37 124.56 33.13 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
13 1.58 50.94 80.23 30.08 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
14 1.30 50.25 65.32 30.12 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
15 1.05 52.11 54.77 30.18 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
16 0.85 53.21 45.23 30.02 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
17 0.45 55.69 25.06 29.90 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
18 0.30 65.26 19.51 31.03 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
1 10.07 49.65 500.20 30.23 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
2 8.05 49.95 402.07 30.00 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
3 5.08 53.44 271.22 30.12 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
4 4.53 50.07 226.61 31.40 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
5 4.25 48.60 206.55 32.27 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
6 3.53 48.59 171.30 31.05 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
7 3.13 50.32 157.26 30.38 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
8 2.80 49.78 139.32 0.23 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
9 2.25 18.13 40.80 27.58 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
10 2.57 49.07 126.30 31.08 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
11 2.30 48.49 111.53 30.05 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
12 2.05 48.88 100.20 30.20 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
13 1.85 49.46 91.51 30.05 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
14 1.55 53.43 82.82 30.15 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
15 1.30 52.46 68.20 30.05 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
16 1.05 54.95 57.70 30.17 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
17 0.85 56.99 48.44 33.13 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
18 0.48 56.20 26.70 30.47 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
19 0.25 52.13 13.03 28.81 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
1 0.25 7.60 1.90 1.70 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
2 0.20 9.34 1.86 0.28 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
3 1.05 16.39 17.18 0.45 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
4 0.93 9.61 8.89 0.30 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
5 0.33 11.20 3.65 29.80 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
6 8.00 43.33 346.64 29.95 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
7 0.30 43.41 12.98 34.43 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
8 4.53 44.98 203.57 29.70 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
9 4.02 43.89 176.61 29.73 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
10 3.53 35.70 125.85 31.50 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
11 3.03 32.96 99.71 29.73 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
12 2.75 29.69 81.63 29.75 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
13 2.50 36.55 91.34 29.75 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
14 1.18 34.19 40.21 0.25 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
15 0.82 25.01 20.61 29.75 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
16 1.90 31.54 59.96 29.85 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
17 1.77 41.01 72.75 29.75 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
18 1.52 41.00 62.48 29.78 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
19 1.28 44.67 56.95 29.75 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
20 1.02 44.68 45.75 29.75 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
21 0.85 48.75 41.43 29.93 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
22 0.45 49.29 22.13 29.73 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
23 0.25 52.11 12.97 50.05 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
24 10.05 20.67 207.74 4.68 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
25 4.93 16.13 79.45 0.23 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
26 0.48 9.03 4.29 1.02 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
27 0.33 11.69 3.81 0.48 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
28 0.35 19.58 6.85 0.22 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
29 0.95 20.07 19.06 0.25 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
30 0.28 4.68 1.29 19.74 
 
The plots and information generated in Table 1 for the NJoy E-Cig condition are provided in both 
Figure 8.29 (below) and Table 8.17 (below). 








Figure 8.29: Plots of NJoy E-Cig Condition – Decreasing Puff Duration Protocol with Distal Condensation. 

















wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
1 10.70 62.22 665.75 31.85 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
2 8.48 65.58 555.83 32.10 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
3 5.48 63.51 347.76 31.92 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
4 4.70 62.42 293.46 30.95 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
5 4.18 58.92 246.05 30.90 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
6 3.70 55.92 206.86 5.38 
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wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
7 0.50 20.91 10.43 25.75 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
8 3.23 54.61 176.13 31.95 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
9 2.97 53.26 158.40 31.93 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
10 2.68 56.77 151.86 31.07 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
11 2.48 56.49 139.86 31.97 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
12 2.23 58.98 131.30 0.25 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
13 5.62 20.46 115.06 26.38 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
14 1.87 54.17 101.51 41.25 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
15 3.70 56.06 207.48 33.55 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
16 1.38 42.08 57.90 31.82 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
17 1.03 34.69 35.59 31.32 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
18 0.85 44.59 37.90 31.48 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
19 0.45 50.01 22.55 30.87 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
20 0.28 54.28 14.98 32.85 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
21 8.43 20.06 169.00 28.78 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
1 10.13 44.54 451.04 30.00 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
2 8.00 29.19 233.51 30.10 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
3 5.08 30.98 157.21 30.25 
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wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
4 4.52 33.58 151.91 30.08 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
5 4.07 42.96 175.03 30.08 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
6 3.55 45.60 161.91 30.25 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
7 3.33 45.76 152.20 32.55 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
8 2.95 46.77 138.03 31.10 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
9 2.58 48.34 124.51 31.88 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
10 2.30 48.60 111.77 30.15 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
11 2.08 47.58 98.82 29.95 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
12 1.80 45.18 81.28 32.13 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
13 1.60 46.61 74.62 30.10 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
14 1.30 47.98 62.37 5.78 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
15 3.50 20.14 70.50 20.87 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
16 1.05 50.96 53.51 30.10 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
17 0.85 50.56 42.98 30.03 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
18 0.45 46.46 20.95 30.08 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
19 0.20 54.17 10.83 28.64 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
1 0.20 70.30 13.99 111.93 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
2 0.20 66.05 13.28 71.77 
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wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
3 0.28 22.55 6.23 63.57 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
4 0.25 9.78 2.45 1.30 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
5 0.45 26.65 11.99 29.25 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
6 2.75 24.32 66.88 29.50 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
7 0.20 65.31 13.06 0.35 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
8 1.15 18.99 21.80 0.60 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
9 0.85 24.61 20.89 28.85 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
10 2.65 27.63 73.22 29.10 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
11 1.80 41.84 75.31 29.70 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
12 1.55 43.60 67.57 29.75 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
13 3.32 27.17 90.30 27.85 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
14 3.95 27.97 110.49 26.83 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
15 0.85 43.98 37.34 29.73 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
16 3.53 24.30 85.66 4.00 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
17 0.98 17.08 16.67 21.67 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
18 1.10 24.47 26.92 31.51 
 
The same graphs and tables were created for the Increasing Puff Flow Rate Protocol. The No E-
Cig condition is provided in both Figure 8.30 (below) and Table 8.18 (below).  
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Figure 8.30: Plots of No E-Cig Condition – Increasing Puff Flow Rate Protocol with Distal Condensation. 

















wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
1 1.27 15.86 20.21 29.88 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
2 0.45 10.71 4.82 1.10 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
3 0.20 3.86 0.77 0.28 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
4 2.87 22.32 64.14 29.75 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
5 4.93 27.35 134.71 29.67 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
6 4.95 31.63 156.59 29.70 
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wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
7 4.95 37.88 187.50 29.88 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
8 4.98 41.28 205.35 29.62 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
9 5.00 45.68 228.46 29.63 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
10 5.00 49.50 247.47 29.63 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
11 5.00 55.96 279.76 29.68 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
12 4.97 64.11 318.89 29.68 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
13 4.98 77.98 387.97 29.65 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
14 5.25 76.31 400.53 29.62 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
15 4.98 76.71 381.80 25.55 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
1 5.03 75.45 379.21 29.87 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
2 2.75 79.50 218.62 207.95 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
3 0.23 12.48 2.81 0.43 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
4 0.28 8.39 2.31 34.12 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
5 5.38 22.04 118.49 31.90 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
6 5.40 25.56 138.03 32.02 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
7 5.38 24.76 133.08 30.72 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
8 5.03 34.98 175.81 30.08 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
9 5.00 40.23 201.09 29.90 
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wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
10 5.08 47.79 242.55 30.50 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
11 5.18 51.49 266.48 30.10 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
12 5.10 56.40 287.70 30.02 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
13 5.05 66.11 333.85 30.00 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
14 5.48 77.65 425.12 31.57 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
15 5.08 77.74 394.55 30.03 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 2 
16 5.05 79.59 402.02 40.61 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
1 5.15 92.23 474.89 29.73 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
2 2.60 78.23 203.47 206.70 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
3 0.23 12.34 2.78 1.27 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
4 0.33 5.54 1.81 32.87 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
5 4.95 22.23 110.03 29.80 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
6 4.95 24.31 120.35 30.37 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
7 4.98 30.55 152.03 30.10 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
8 5.05 36.19 182.76 29.77 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
9 5.00 41.43 207.19 29.75 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
10 5.00 46.58 232.92 29.73 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
11 5.02 52.14 261.94 29.73 
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wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
12 5.03 57.57 289.34 29.72 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
13 5.03 67.54 339.46 29.70 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
14 5.20 78.76 409.55 29.62 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
15 5.20 82.10 426.93 29.60 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 3 
16 5.18 76.36 395.14 39.90 
 
The Blu E-Cig condition plots and information generated in Table 1 are provided in Figure 8.31 
(below) and Table 8.19 (below). 






Figure 8.31: Plots of Blu E-Cig Condition – Increasing Puff Flow Rate Protocol with Distal Condensation. 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
1 3.48 62.88 218.52 33.23 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
2 0.65 22.56 14.64 0.33 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
3 0.80 14.41 11.52 0.32 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
4 1.25 20.34 25.45 30.48 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
5 4.43 39.40 174.32 30.12 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
6 4.85 51.28 248.72 30.08 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
7 4.98 60.05 298.77 30.13 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
8 4.93 62.49 307.79 30.05 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
9 4.98 62.18 309.36 30.15 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
10 5.03 71.82 360.91 30.15 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
11 5.08 41.57 210.99 30.75 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
12 5.05 44.82 226.36 30.03 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
13 5.03 44.08 221.57 29.95 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
14 5.17 35.89 185.67 3.185 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
15 5.40 36.85 199.04 31.03 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
16 5.05 55.45 280.03 29.98 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
17 5.28 50.29 265.27 29.77 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
18 41.43 39.74 1646.19 29.93 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
19 5.47 78.78 431.22 30.55 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
20 55.38 34.90 1932.82 27.31 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
1 5.78 49.60 286.42 24.90 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
2 0.98 9.15 8.92 5.85 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
3 3.73 28.88 107.60 30.80 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
4 4.37 28.95 126.65 30.20 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
5 4.75 24.58 116.78 30.25 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
6 4.90 28.03 137.36 30.18 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
7 4.92 35.14 173.01 30.23 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
8 5.02 40.56 203.78 30.15 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
9 5.00 38.51 192.50 30.03 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
10 5.00 36.89 184.47 30.05 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
11 5.10 40.68 207.56 31.45 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
12 5.78 41.65 240.56 33.27 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
13 5.40 38.84 209.75 31.00 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
14 0.35 49.61 17.36 0.48 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
15 4.23 25.03 105.77 30.17 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
16 0.83 30.53 25.19 1.10 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
17 0.50 14.97 7.50 0.70 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
18 1.05 9.77 10.25 31.20 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
19 42.25 37.78 1596.21 3.68 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
20 31.45 33.55 1055.15 22.93 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
1 4.33 83.96 363.21 169.45 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
2 4.90 25.81 126.52 29.77 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
3 4.95 35.98 178.11 30.25 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
4 3.42 24.14 82.66 0.28 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
5 1.17 20.93 24.55 29.85 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
6 0.23 53.49 12.04 34.55 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
7 0.30 52.52 15.81 34.50 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
8 0.28 51.90 14.27 2.92 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
9 1.78 29.35 52.12 29.75 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
10 5.03 39.96 200.82 29.73 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
11 5.03 55.67 279.76 29.75 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig - Trial 3 
12 5.03 53.55 269.09 29.73 
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1.wPUM Analysis for wPUM Measured 
Data - Blu E-Cig - Trial 3 
13 5.02 65.71 330.15 29.75 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
14 5.02 64.46 323.87 29.70 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
15 5.00 54.63 273.19 29.67 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
16 5.00 54.87 274.40 29.70 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
17 5.00 54.41 271.99 29.80 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
18 5.00 54.57 272.78 35.24 
 
The plots and measured topography information for the Zoom E-Cig condition are provided in 
both Figure 8.32 (below) and Table 8.20 (below). 






Figure 8.32: Plots of Zoom E-Cig Condition – Increasing Puff Flow Rate Protocol with Distal Condensation. 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
1 5.45 59.26 322.95 31.98 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
2 4.47 48.07 215.07 32.25 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
3 4.55 28.49 129.67 33.50 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
4 0.40 55.83 22.45 39.62 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
5 0.28 21.94 6.03 2.30 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
6 0.23 11.55 2.60 0.77 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
7 1.08 10.15 10.92 32.00 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
8 5.25 41.97 220.40 31.15 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
9 5.12 46.97 240.69 30.73 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
10 0.33 70.07 22.77 3.13 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
11 1.53 21.86 33.36 0.23 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
12 0.35 16.42 5.73 31.10 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
13 0.33 41.83 13.60 36.38 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
14 1.78 24.93 44.26 0.55 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
15 1.50 9.75 14.63 33.33 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
16 5.20 42.04 218.61 30.70 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
17 6.38 42.95 273.85 29.35 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
18 0.23 63.75 14.34 5.30 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
19 1.95 25.50 49.75 30.00 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
20 5.40 40.55 219.00 32.35 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
21 5.40 61.92 334.28 32.00 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
22 5.35 69.77 373.35 31.60 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
23 11.25 37.89 426.25 25.88 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
24 7.85 44.29 347.71 29.68 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
25 5.37 60.82 326.87 32.20 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
26 5.45 56.81 309.61 24.72 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
1 5.05 60.06 303.23 29.85 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
2 5.00 60.55 302.67 29.75 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
3 2.95 57.78 170.49 181.73 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
4 0.58 8.46 4.87 0.28 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
5 0.55 12.79 7.02 0.25 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
6 0.20 17.39 3.48 0.35 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
7 0.60 17.23 10.35 0.43 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
8 0.70 19.11 13.34 29.88 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
9 4.90 21.71 106.36 29.83 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
10 4.93 23.90 117.68 29.93 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
11 4.97 29.35 145.99 30.55 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
12 4.98 35.12 174.73 29.78 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
13 5.00 40.78 203.88 29.78 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
14 4.97 47.28 235.18 29.78 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
15 5.00 50.80 253.99 29.95 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
16 5.13 54.35 278.54 30.30 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
17 5.00 54.40 272.04 29.80 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
18 5.00 54.30 271.49 29.78 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
19 5.00 53.82 269.11 29.75 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
20 5.00 53.63 268.20 31.67 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
1 5.05 67.36 340.25 1.97 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
2 0.73 15.20 11.02 27.03 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
3 5.00 59.54 297.69 30.30 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
4 3.35 52.81 176.91 135.75 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
5 0.33 49.20 16.04 71.37 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
6 0.23 12.54 2.84 0.48 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
7 0.38 8.87 3.33 0.60 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
8 0.40 8.23 3.29 31.00 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
9 4.43 21.41 94.73 29.83 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
10 4.95 27.58 136.53 29.80 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
11 4.98 33.45 166.46 29.80 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
12 4.98 39.44 196.23 29.75 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
13 5.00 45.28 226.35 29.75 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
14 5.00 50.62 253.03 30.13 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
15 5.02 53.94 271.01 29.73 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
16 5.03 60.51 304.11 29.70 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
17 5.03 56.94 286.17 29.75 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
18 5.05 68.90 347.93 29.73 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
19 5.00 65.11 325.47 33.14 
 
The plots and information generated in Table 1 for the NJoy E-Cig condition are provided in both 
Figure 8.33 (below) and Table 8.21 (below). 








Figure 8.33: Plots of NJoy E-Cig Condition – Increasing Puff Flow Rate Protocol with Distal Condensation. 

















wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
1 13.38 46.52 622.17 2.27 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
2 31.90 31.98 1020.13 22.50 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
3 5.08 31.41 159.41 25.62 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
4 10.23 40.66 415.83 31.32 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
5 4.90 61.47 301.26 30.08 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
6 4.97 64.21 319.38 27.65 
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wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
7 7.35 52.47 385.69 29.90 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
8 5.05 61.13 308.66 29.98 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
9 5.05 55.23 278.83 29.98 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
10 5.10 51.14 260.80 30.05 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
11 5.05 48.67 245.79 30.00 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
12 5.05 52.46 264.93 30.18 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
13 42.00 36.11 1516.71 0.27 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
14 36.77 36.85 1355.28 31.43 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
15 20.68 36.53 755.31 14.48 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
16 7.63 65.79 501.63 9.43 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
17 43.95 35.08 1541.62 9.32 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
18 26.05 34.41 896.51 22.61 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
1 7.20 58.77 423.06 30.30 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
2 5.68 73.15 415.12 0.50 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
3 0.83 33.83 27.91 30.43 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
4 40.28 32.88 1324.16 0.30 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
5 0.95 18.82 17.88 14.68 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
6 22.13 26.31 582.16 23.20 
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wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
7 0.23 12.57 2.83 0.42 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
8 0.88 5.55 4.86 0.45 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
9 11.45 30.18 345.60 20.80 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
10 0.88 6.76 5.92 1.70 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
11 0.20 6.40 1.27 0.28 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
12 14.35 31.46 451.44 2.98 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
13 37.58 30.43 1143.28 229.30 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
14 3.05 34.41 104.96 24.85 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
15 5.60 60.67 339.84 31.35 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
16 23.50 33.03 776.27 8.30 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
17 0.60 6.34 3.81 0.22 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
18 0.90 7.12 6.42 1.58 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
19 46.45 46.46 2158.28 31.00 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
20 5.73 72.70 413.44 31.35 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
21 5.58 71.75 400.00 24.20 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
1 5.30 57.95 307.12 31.08 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
2 4.50 67.13 302.15 68.45 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
3 5.08 33.33 169.16 31.93 
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wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
4 5.15 38.81 199.85 31.95 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
5 5.33 37.70 200.75 31.28 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
6 5.18 29.49 152.59 30.58 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
7 5.40 24.23 130.85 0.70 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
8 14.48 20.99 303.77 0.38 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
9 0.42 9.04 3.83 0.43 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
10 0.35 11.03 3.86 0.40 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
11 0.25 13.17 3.29 0.33 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
12 0.75 16.71 12.54 0.23 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
13 0.33 11.86 3.85 0.32 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
14 1.23 11.45 14.03 0.43 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
15 3.30 16.76 55.31 0.53 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
16 0.22 5.72 1.28 1.20 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
17 0.45 9.63 4.33 0.35 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
18 0.28 8.34 2.29 0.35 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
19 0.65 14.54 9.47 1.05 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
20 0.28 6.68 1.84 0.82 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
21 0.70 14.82 10.37 1.03 
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wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
22 0.70 11.71 8.19 110.85 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
23 5.30 37.10 196.63 32.35 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
24 5.08 40.84 207.26 31.38 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
25 5.58 46.58 259.69 32.45 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
26 5.55 51.42 285.41 30.97 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
27 5.18 57.56 297.86 32.08 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
28 5.55 66.64 369.84 31.92 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
29 5.18 60.95 315.29 31.43 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
30 5.13 60.48 310.02 31.22 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
31 5.40 61.97 334.66 19.95 
 
The Decreasing Puff Period Protocol graphs and information generated in Table 1 are provided 
below. The No E-Cig condition information is provided in Figure 8.34 (below) and Table 8.22 
(below).  








Figure 8.34: Plots of No E-Cig Condition – Decreasing Puff Period Protocol with Distal Condensation. 
















wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
1 5.08 75.49 383.11 5.05 
wPUM Analysis for wPUM Measured Data 
- No E-Cig - Trial 1 
2 3.52 73.40 258.66 5.05 
 
The plots and information generated in Table 1 for the Blu E-Cig condition are provided in both 
Figure 8.35 (below) and Table 8.23 (below). 








Figure 8.35: Plots of Blu E-Cig Condition – Decreasing Puff Period Protocol with Distal Condensation. 
















wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
1 4.78 31.33 149.64 5.20 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
2 4.78 33.50 159.98 5.22 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
3 4.77 36.22 172.91 5.18 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
4 4.80 38.84 186.48 30.00 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
5 4.78 43.53 207.88 1.00 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
6 5.00 35.39 176.96 1.00 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
7 5.00 32.75 163.72 1.00 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
8 5.00 32.21 161.04 30.00 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
9 4.78 22.92 109.49 0.52 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
10 4.98 19.68 97.90 0.55 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
11 4.98 21.90 108.93 0.53 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
12 4.98 22.92 114.05 30.02 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
13 4.78 26.59 127.02 0.27 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
14 4.98 25.11 124.91 0.30 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
15 4.95 26.14 129.38 0.30 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
16 4.98 26.05 129.63 30.02 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 1 
17 20.13 27.74 558.38 8.82 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
1 4.80 45.03 216.12 5.18 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
2 4.80 42.22 202.70 5.18 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
3 4.80 45.04 216.20 29.95 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
4 4.83 45.77 220.85 1.00 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
5 5.02 43.87 220.42 1.00 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
6 5.00 45.13 225.58 0.98 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
7 5.03 44.46 223.18 0.48 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
8 4.80 46.51 223.18 0.48 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
9 5.03 46.26 232.50 0.50 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
10 5.00 46.37 231.80 0.50 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
11 5.00 46.03 230.17 30.00 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
12 4.80 47.21 226.63 0.25 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
13 1.40 20.61 28.87 3.88 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
14 1.50 18.13 27.18 1.23 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
15 0.45 5.60 2.52 2.08 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
16 1.50 1.50 15.50 23.26 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
17 0.65 10.52 6.83 0.23 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
18 0.23 14.05 3.18 1.40 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
19 0.73 9.34 6.77 30.05 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
20 6.38 17.51 111.64 0.28 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
21 0.93 11.94 11.04 1.55 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
22 0.52 9.99 5.23 0.35 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
23 1.95 16.30 31.79 0.40 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
24 1.20 11.90 14.28 1.58 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
25 1.70 22.50 38.24 1.00 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
26 0.40 18.17 7.27 0.35 
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wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 2 
27 0.50 13.24 6.62 5.76 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
1 4.83 24.90 120.18 5.28 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
2 4.75 25.70 122.06 5.18 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
3 4.75 25.42 120.73 5.33 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
4 4.73 25.43 120.17 30.13 
wPUM Analysis for wPUM Measured Data 
- Blu E-Cig - Trial 3 
5 4.75 26.34 125.10 1.03 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
6 5.00 25.23 126.12 1.03 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
7 4.95 24.01 118.83 1.05 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
8 4.95 25.00 123.77 30.05 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
9 4.75 25.42 120.72 0.55 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
10 5.18 25.17 130.29 0.55 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
11 4.95 25.76 127.52 0.55 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
12 4.95 25.76 127.51 30.07 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
13 4.75 25.07 119.07 0.28 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
14 4.95 24.04 118.99 0.30 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
15 5.00 25.30 126.51 0.28 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 
16 4.97 24.82 123.48 30.03 
wPUM Analysis for wPUM Measured Data 
– Blu E-Cig – Trial 3 




The Zoom E-Cig condition plots and information generated in Table 1 are provided in Figure 8.36 
(below) and Table 8.24 (below). 






Figure 8.36: Plots of Zoom E-Cig Condition – Decreasing Puff Period Protocol with Distal Condensation. 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
1 0.23 5.76 1.30 0.35 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
2 5.68 30.15 171.12 5.18 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
3 4.83 31.59 152.42 5.20 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
4 4.85 41.68 202.15 5.13 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
5 4.87 42.97 209.43 32.48 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
6 5.13 50.51 258.94 1.00 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
7 5.05 48.32 244.01 1.00 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
8 5.03 44.09 221.60 1.02 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
9 5.00 56.06 280.37 30.10 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
10 4.83 59.53 287.22 0.52 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
11 5.00 49.12 245.63 0.50 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
12 5.18 46.89 242.67 0.50 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
13 5.05 47.86 241.63 30.10 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
14 4.75 52.35 248.63 0.25 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
15 5.00 49.03 245.18 0.25 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
16 5.02 48.87 245.53 0.25 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
17 5.30 49.89 264.40 0.90 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 1 
18 53.53 41.01 2194.84 6.75 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
1 4.92 30.79 151.61 5.30 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
2 4.88 30.28 147.66 5.23 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
3 4.20 27.20 114.24 0.25 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
4 0.40 22.94 9.15 5.25 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
5 4.85 28.49 138.20 32.13 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
6 5.22 29.65 154.92 1.18 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
7 4.70 22.80 107.15 1.93 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
8 5.52 22.77 125.78 1.25 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
9 5.27 24.37 128.50 31.10 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
10 4.80 27.25 130.80 0.52 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
11 4.95 26.33 130.31 0.58 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
12 5.00 25.67 128.31 0.55 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
13 5.02 25.96 130.44 30.35 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
14 4.77 28.24 134.84 0.38 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
15 5.00 26.82 134.15 0.30 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
16 5.05 26.22 132.43 0.30 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
17 5.08 26.16 132.76 31.57 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 2 
18 22.00 25.94 570.76 8.72 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
1 4.95 26.20 129.71 5.38 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
2 4.87 25.70 125.24 5.48 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
3 4.93 26.78 131.88 5.45 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
4 4.88 26.19 127.71 31.67 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
5 5.03 27.06 135.98 1.13 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
6 5.60 26.39 147.73 1.08 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
7 5.25 26.00 136.55 1.20 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
8 5.48 25.65 140.44 31.92 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
9 4.95 28.18 139.48 0.58 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
10 5.25 26.86 141.06 0.55 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
11 5.18 26.43 136.76 0.58 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
12 5.27 26.33 138.86 33.65 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
13 5.05 27.42 138.50 0.30 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
14 5.50 26.32 144.79 0.33 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
15 5.48 25.31 138.57 0.33 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
16 5.43 25.06 135.93 31.47 
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wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
17 15.38 25.14 386.59 0.22 
wPUM Analysis for wPUM Measured Data 
- Zoom E-Cig - Trial 3 
18 5.10 25.51 130.11 8.90 
 
The NJoy E-Cig condition information and plots are provided in both Figure 8.37 (below) and 
Table 8.25 (below). 






Figure 8.37: Plots of NJoy E-Cig Condition – Decreasing Puff Period Protocol with Distal Condensation. 
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wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
1 4.75 23.04 109.45 5.23 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
2 4.70 23.59 110.85 5.30 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
3 4.68 24.26 113.40 5.10 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
4 4.93 24.91 122.67 30.13 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
5 4.75 27.01 128.31 1.02 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
6 4.98 25.11 124.95 1.05 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
7 4.90 25.14 123.20 1.08 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
8 4.95 26.27 130.02 30.05 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
9 4.73 28.33 133.87 0.55 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
10 5.00 27.66 138.31 0.52 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
11 4.98 26.94 134.04 0.53 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
12 4.95 26.70 132.19 30.08 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
13 4.75 29.99 142.42 0.28 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
14 4.95 26.58 131.57 0.30 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
15 5.00 26.98 134.90 0.28 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
16 4.98 27.77 138.14 30.05 
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wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
17 9.87 27.53 271.88 0.25 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 1 
18 10.05 24.32 244.39 8.34 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
1 5.17 25.31 130.98 5.90 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
2 5.25 24.26 127.40 5.85 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
3 5.23 25.44 132.95 5.87 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
4 5.10 26.88 137.08 32.20 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
5 5.15 28.29 145.70 1.15 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
6 5.33 27.44 146.12 1.13 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
7 5.23 28.05 146.57 1.10 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
8 5.38 28.40 152.69 33.58 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
9 5.35 28.68 153.43 0.58 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
10 5.58 26.10 145.50 0.58 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
11 5.68 27.73 157.38 0.63 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
12 5.55 27.37 151.88 31.60 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
13 5.03 27.86 139.99 0.30 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
14 5.17 27.15 140.44 0.30 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
15 5.20 27.19 141.41 0.33 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
16 5.33 27.46 146.25 32.40 
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wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 2 
17 21.58 26.44 570.41 9.59 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
1 4.85 25.01 121.28 5.25 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
2 4.95 22.03 109.04 5.35 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
3 4.65 23.13 107.55 5.43 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
4 4.73 23.82 112.57 30.23 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
5 4.77 24.57 117.28 1.10 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
6 5.03 21.87 109.93 1.05 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
7 4.95 23.51 116.36 1.07 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
8 4.98 24.53 122.07 30.23 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
9 4.80 24.95 119.77 0.52 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
10 5.00 24.67 123.37 0.70 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
11 5.08 23.59 119.74 0.55 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
12 5.00 22.60 112.98 30.20 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
13 4.75 24.16 114.79 0.32 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
14 4.98 22.72 113.06 0.35 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
15 4.85 23.26 112.83 0.42 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
16 4.90 20.57 100.81 30.30 
wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
17 14.85 20.44 303.52 0.32 
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wPUM Analysis for wPUM Measured Data 
- NJoy E-Cig - Trial 3 
18 4.80 19.97 95.84 8.44 
 
8.4.3 Discussion of Results 
The results produced in this study were consistent with the same findings in Aim 4.1 (above) and 
did not support a one to one comparison with the measured data in Aim 1. The same difference in 
number of puffs between the Input File for the PES and the Measured wPUM Voltage was 
observed in this study. Figure 8.38 (below) measured 39 puffs compared to the prescribed 20 puffs. 
This example was the most drastic difference in this study. It should be noted that the x-axis for 
this plot is Time (s). 
 
Figure 8.38: Zoomed in plot of the corresponding Flow Rate (mL/s) over Time (s) for the wPUM Measured Data – 
No E-Cig Condition – Trial 2 with condensation in the Distal tubing. 
This example supports the recommendation to not utilize a Baseline Drift Compensation since it 
can inadvertently alter puffing topography. This study also reproduced some repeatable 
observations that were made in both the RTI study as well as Aim 1. The large measured voltages 
when a small flow rate was prescribed in the Increasing Puff Flow Rate protocol were captured in 
this test. Figure 8.39 (below) shows puffs #1, 2 and 3 which correlate to a Flow Rate = 1, 2 or 4 
mL/s outputting a large voltage reading. This suggests that the behavior is not impacted by the 




Figure 8.39: Plot of Zoom E-Cig Condition Trial 3 – Increasing Puff Flow Rate with Distal Condensation. Example 
of anomaly associated with low prescribed flow rates and high measured voltage responses. 
The last observation that was made in this study corresponds to the measured Decreasing Puff 
Period results. Like the previously mentioned observations in Aim 4.1 theoretically the TAP 
should have not produced any data in Table 1 – 4 for any of the conditions because the prescribed 
8 mL/s flow rate fell in between the noise region associated at the baseline. However, in this study 
for some trials in some conditions data was measured. The qualitative difference between the 
results produced when condensation was present in the Distal tubing versus the Proximal tubing 
was that the measured Distal results looked like the inputted protocol more than in the Proximal 
condensation condition. This difference should be further investigated for future testing. Figure 
8.40 (below) shows an example of this behavior.  
 
Figure 8.40: Plot of Zoom E-Cig Condition Trial 3 – Decreasing Puff Period with Distal Condensation. Example of 
unrealistic measured wPUM data. 
8.4.4 Conclusions 
This study wanted to evaluate the ability of the wPUM and TAP to detect the RIT Testing 
Conditions when condensation was introduced to the Distal tubing of the wPUM Orifice Plate 
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Assembly. This study was unable to do a one to one comparison between the results produced in 
this test to the ones produced in Aim 1 due to the inconsistent number of puffs. In this aim there 
was no difference between testing conditions on produced results for the variable puff duration 
and variable puff flow rate tests. However, there was a difference in the variable puff period test 
in this specific aim the No E-Cig condition produced the most accurate results. This supports the 
notion of characterizing each testing condition since different results can be produced under 
different tests and trials. The Decreasing Puff Period results mirrored the prescribed Input File for 
the PES more closely in this study compared to the Proximal Condensation Condition. It is 
recommended to further investigate why this behavior was observed. Utilizing the Baseline Drift 
Compensation module can alter puffing topography which degrades the integrity of the data. 
Moving forward it is recommended to not use a Matlab algorithm to compensate for condensation 
but rather to investigate how to mitigate condensation by constructing a contraption in the wPUM 
capable of capturing condensation without negatively influencing the flow characteristics or 
differential pressure across the orifice plate.  
8.5 CONCLUSIONS 
Overall the results produced in this study were able to evaluate the ability of the wPUM and TAP 
to detect the RIT Testing Conditions under the influence of condensation present in the Orifice 
Plate Assembly. This study identified that utilizing the Baseline Drift Compensation module to 
save data that was impacted by condensation is not the most accurate approach since it can 
negatively impact the measured puffing topography. It did show however, the data that was 
salvaged measured very closely to the desired input files. This shows that the algorithm performs 
fairly well at recovering data that has been negatively impacted by condensation. In both the 
proximal and distal condensation cases the different testing conditions behaved differently and 
therefore it is recommended to characterize each device. For this study it is recommended for 
future testing to build a contraption within the Orifice Plate Assembly capable of capturing 
condensation without negatively impacting the flow characteristics or differential pressure across 
the orifice plate.   
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9 CHAPTER 9: AIM 5 – VALIDATION IN LABORATORY ACTUAL USERS 
TOPOGRAPHY 
9.1 EXPERIMENTAL APPARATUS 
The experimental apparatus used in this study was a video recorder. A Sony HDR-CX150 HD 
Handycam Camcorder identified in Figure 9.1 (below) was attached to a tripod to ensure stability 
of the video.  
 
Figure 9.1: Image of the video recording device used in Aim 5 study. 
A chair was set in front of the camera with a laptop offset to the right of the test subject. The laptop 
projected a clock which was used to record the start and end time of every puff. The researcher 
would start recording when the test subject indicated they were ready to begin their puffing session 
and terminated the video when they indicated they were done. Figure 9.2 (below) shows an 
example of the set-up with a test subject. The test subject approved the researcher utilizing their 





Figure 9.2: Example of experimental apparatus with a test subject.  
9.2 PARAMETERS 
This study was specifically interested assessing the capability of the wPUM and TAP to accurately 
measure puff topographies with actual users in a laboratory environment. Like Aim 3 and 4 this 
study will not analyze the Alicat raw data because the TAP is unable to analyze the files associated 
with the Alicat. Moving forward for future studies it is recommended to modify the TAP so it can 
analyze both the Alicat and wPUM raw data filed. Three test subjects were recruited from the RTI 
study to partake in this test. Each test subject was asked to bring their own disposable/rechargeable 
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electronic cigarette. All the test subjects used the disposable Blu electronic cigarette. Information 
about the strength and flavor of the electronic cigarettes was not gathered for this study. Each test 
subject was asked to come to the Respiratory Technologies Laboratory at RIT for a one-time ad 
lib puffing session where they would use the wPUM while being video recorded. The number of 
puffs, approximate puff duration, and approximate interpuff gap were recorded from the video 
recording and compared to the measured wPUM data.  
9.3 EXPERIMENTAL PROCEDURES 
The wPUM was calibrated, checked for condensation, and had fresh batteries using the same 
procedure identified in section 2.1.2 (above) and 2.1.3 (above). Figure 9.3 (below) shows the 
puffing protocol used in this specific study.  
 
 
Figure 9.3: LabVIEW System Setup screen and selection options for Aim 5. 
Before any testing occurred each test subject was asked to read and sign an Informed Consent form 
and Waiver to Participate form identified in Appendix B (below) and C (below). The researcher 
validated the subjects age, 18 or older, by checking a form of government identification. After the 
paper work was completed the researcher recorded which electronic cigarette type and brand was 










and informed them that this session was an ad lib puffing session. There was no constraint how 
long the subject could puff. The only requirement that was asked of the test subject was to look 
towards the video recorder to ensure that the recording device was capturing their behavior. The 
recording device was connected to a power supply to ensure that no loss of power occurred 
throughout the puffing session. The video recorded was turned on when the test subject was ready 
to begin their session. No information was recorded throughout the puffing session. Once the test 
subject verbally indicated that they were done with their puffing session the research would 
terminate the video. 
This study utilized both the researcher to qualitatively analyze the video recording as well as 
Matlab to process the wPUM data. The researcher watched the videos generated utilizing Windows 
Media Player. The number of puffs would be recorded for each test subject in addition to an 
approximate puff duration and interpuff gap. The puff duration was determined by subtracting the 
ending of a puff to the beginning of a puff. The beginning of a puff was defined as the time the 
LED illuminated in the test subjects mouth. The end of a puff was defined as the time the device 
left the test subjects mouth. Figure 9.4 (below) shows an example of a start of a puff and an end 
of a puff. The test subject approved the researcher utilizing their picture for this document. 
 
 
Figure 9.4: Example of Start and End time of one puff.  
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In this specific example the recorded time 3:49:27 pm, which indicated the end of a puff, would 
be subtracted from 3:49:24 pm, which indicated the beginning of a puff, to give an approximate 
puff duration time of 3 seconds. This puff duration is an approximate value since the clock that 
was utilized did not measure at a finer resolution than seconds. In order to ensure that the time 
associated with the start and end of a puff were as close as possible Windows Media Player was 
altered to play at Play Speed = 0.5 in the Enhancements > Play speed settings option.  
The experimental procedure used in this study associated with the TAP is referenced in section 
2.2.2 (above). Before running the TAP the following sections of code must be altered in order to 
ensure the correct data is being analyzed. These were the specific modifications made for this test.  
Pathname='C:\Users\Karina\Documents\KarinaRoundtree\web\private\
WorkingFiles\Data Processing\'; %Location on disk  
inputfoldername = strcat(pathname,'Aim 5\'); %Location of input 
data 
outputfoldername = strcat(pathname,'Aim 5\'); %Location where data 
will be outputted 
subjectnamecelldata = { 'TS-4\'; 'TS-10\'; 'TS-20\'; } ; 
%Location of each testing condition 
% Add a new folder to the array below if more testing conditions 
are evaluated 
% Remember the end back slash on the right side 
 
else                                % OCTAVE CODE 
 
% linux box at home, with octave 
  
pathname='..\'; % Location on disk 
 
inputfoldername  = strcat(pathname,'..\Aim 5\'); %Location of 
input data 
  
outputfoldername = strcat(pathname,'Aim 5\'); %Location where 
data will be outputted 
 
After the file locations have been corrected the next part of the code that needs to be modified is 
the section identifying how many subjects are being analyzed.  
% % * * * * * USER EDIT THE LINES BELOW * * * * *  
% Use the flags BELOW to include (1) or exclude (0) any 
individual subject from the analysis 
 




CrossRefSubjectNumber = [ 1 2 3 ]; %This array defines the 
"Study Subject Number", which may differ from the order of file 
processing used in this analysis code. 
 
SubjectSampleRates = [ 40.0 40.0 40.0 ]; %Subjects  use 40Hz 
data 
 
This process was repeated for all three test subjects.  
9.4 RESULTS  
For each test subject the number of puffs, puff start time, puff end time, approximate puff duration 
and, approximate interpuff gap associated with the video recording was documented. Table 9.1 
(below) is the information corresponding to Test Subject 4, TS-4.  
Table 9.1: TS-4 Video Recorded Data. 
Test Subject 4, TS-4 





1 3:49:24 3:49:27 3 6 
2 3:49:33 3:49:36 3 14 
3 3:49:50 3:49:52 2 11 
4 3:50:03 3:50:06 3 10 
5 3:50:16 3:50:19 3 14 
6 3:50:33 3:50:35 2 14 
7 3:50:49 3:50:52 3 15 
8 3:51:07 3:51:09 2 17 
9 3:51:26 3:51:29 3 20 
10 3:51:49 3:51:53 4 15 
11 3:52:08 3:52:11 3 25 
12 3:52:36 3:52:39 3 23 
13 3:53:02 3:53:03 1 24 
14 3:53:27 3:53:29 2 17 
15 3:53:46 3:53:49 3 15 
16 3:54:04 3:54:07 3 19 
17 3:54:26 3:54:30 4 26 
18 3:54:56 3:54:59 3 29 
19 3:55:28 3:55:31 3 15 
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20 3:55:46 3:55:49 3 75 
21 3:57:04 3:57:07 3 6 
22 3:57:13 3:57:16 3 16 
23 3:57:32 3:57:35 3 21 
24 3:57:56 3:57:59 3 41 
25 3:58:40 3:58:44 4 18 
26 3:59:02 3:59:06 4 26 
27 3:59:32 3:59:36 4 10 
28 3:59:46 3:59:49 3 10 
29 3:59:59 4:00:03 4 13 
30 4:00:16 4:00:20 4 17 
31 4:00:37 4:00:39 2 12 
32 4:00:51 4:00:55 4 23 
33 4:01:18 4:01:21 3 15 
34 4:01:36 4:01:39 3 20 
35 4:01:59 4:02:03 4 22 
36 4:02:25 4:02:28 3 15 
37 4:02:43 4:02:47 4 19 
38 4:03:06 4:03:09 3 12 
39 4:03:21 4:03:25 4 17 
40 4:03:42 4:03:47 5 32 
41 4:04:19 4:04:23 4 43 
42 4:05:06 4:05:09 3 15 
43 4:05:24 4:05:27 3 15 
44 4:05:42 4:05:46 4 16 
45 4:06:02 4:06:06 4 16 
46 4:06:22 4:06:25 3 15 
47 4:06:40 4:06:43 3 29 
48 4:07:12 4:07:15 3 29 
49 4:07:44 4:07:47 3 14 
50 4:08:01 4:08:05 4 23 
51 4:08:28 4:08:32 4 22 
52 4:08:54 4:08:57 3 8 
53 4:09:05 4:09:08 3 49 
54 4:09:57 4:10:00 3 9 
55 4:10:09 4:10:12 3 11 
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56 4:10:23 4:10:27 4 15 
57 4:10:42 4:10:46 4 12 
58 4:10:58 4:11:01 3 9 
59 4:11:10 4:11:13 3 15 
60 4:11:28 4:11:31 3 23 
61 4:11:54 4:11:57 3 17 
62 4:12:14 4:12:17 3 13 
63 4:12:30 4:12:34 4 11 
64 4:12:45 4:12:48 3 13 
65 4:13:01 4:13:04 3 22 
66 4:13:26 4:13:30 4 13 
67 4:13:43 4:13:46 3 32 
68 4:14:18 4:14:20 2 11 
69 4:14:31 4:14:35 4 14 
70 4:14:49 4:14:53 4 22 
71 4:15:15 4:15:18 3 14 
72 4:15:32 4:15:36 4 47 
73 4:16:23 4:16:27 4 21 
74 4:16:48 4:16:51 3 18 
75 4:17:09 4:17:13 4 20 
76 4:17:33 4:17:36 3 15 
77 4:17:51 4:17:54 3 45 
78 4:18:39 4:18:43 4 25 
79 4:19:08 4:19:12 4 54 
80 4:20:06 4:20:09 3 11 
81 4:20:20 4:20:24 4 70 
82 4:21:34 4:21:37 3 20 
83 4:21:57 4:22:00 3 27 
84 4:22:27 4:22:31 4 36 
85 4:23:07 4:23:11 4 15 
86 4:23:26 4:23:31 5 7 
87 4:23:38 4:23:42 4 20 
88 4:24:02 4:24:05 3 9 
89 4:24:14 4:24:17 3 15 
90 4:24:32 4:24:36 4 10 
91 4:24:46 4:24:50 4 19 
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92 4:25:09 4:25:11 2 44 
93 4:25:55 4:25:59 4 22 
94 4:26:21 4:26:24 3 18 
95 4:26:42 4:26:45 3 49 
96 4:27:34 4:27:37 3 39 
97 4:28:16 4:28:18 2 34 
98 4:28:52 4:28:56 4 95 
99 4:30:31 4:30:34 3 21 
100 4:30:55 4:30:59 4 13 
101 4:31:12 4:31:16 4 80 
102 4:32:36 4:32:39 3 63 
103 4:33:42 4:33:46 4 19 
104 4:34:05 4:34:08 3 18 
105 4:34:26 4:34:30 4 15 
106 4:34:45 4:34:48 3 30 
107 4:35:18 4:35:21 3 44 
108 4:36:05 4:36:07 2 38 
109 4:36:45 4:36:49 4 54 
110 4:37:43 4:37:46 3 20 
111 4:38:06 4:38:09 3 10 
112 4:38:19 4:38:22 3 28 
113 4:38:50 4:38:54 4 174 
114 4:41:48 4:41:51 3 24 
115 4:42:15 4:42:19 4 65 
116 4:43:24 4:43:27 3 11 
117 4:43:38 4:43:42 4 34 
118 4:44:16 4:44:19 3 16 
119 4:44:35 4:44:38 3 N/A 
 
Every test subject had a Topography plot generated from the TAP. In the plot there are two graphs. 
The first graph shows the measured Flow Rate in mL/s on the y-axis and the Time in seconds on 
the x-axis. The measured raw data signal is denoted in blue while the interpreted signal, based on 
the criteria in the TAP, is denoted in orange. The second graph shows the Cumulative Volume in 
mL over the entire puffing session.  
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The graph corresponding to TS-4 is provided in Figure 9.5 (below).  
 
Figure 9.5: wPUM Analysis for TS-4 Ad Lib Puffing Session. 
In addition to the plots, information about each test ran is provided in both the Matlab command 
window and in the generated Table 0. The information outputted for TS-4 is provided below. 
* * * Puffing session data analysis * * *   
 * * * * * * Beginning Analysis of Subject Data  * * * * * * * * * * * *   
             Subject Data Folder: TS-4\   
 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *   
             Analysis Protocol File for this Subject series: AnalysisProtocol.csv   
 * * * Conducting wPUM Topography Analysis of Voltage Datafile: TS-4 Ad Lib Puffing 
Session.TXT   
ReadPuffDataFile(): fullpath 
C:\Users\Karina\Documents\KarinaRoundtree\web\private\WorkingFiles\Data Processing\Aim 
5\TS-4\TS-4 Ad Lib Puffing Session.TXT 
ReadPuffDataFile(): Size of data=134564 
numdata1 134563 
 Number of puffs taken 232  
 Consolidated number of puffs 132  




The information generated in Table 1 is provided in Table 9.2 (below) for TS-4. This table captures 
information for every puff taken in the entire session. It has been modified in this document in 
order to show the information pertinent to this specific aim. The information that was excluded 
are: Subject, Puff Start and End time, as well as the Session Time and Date stamp.  
















TS-4 Ad Lib Puffing Session 1 2.70 28.89 78.03 6.43 
TS-4 Ad Lib Puffing Session 2 2.88 32.42 93.21 13.28 
TS-4 Ad Lib Puffing Session 3 2.75 30.46 83.75 10.85 
TS-4 Ad Lib Puffing Session 4 2.83 33.09 93.52 10.07 
TS-4 Ad Lib Puffing Session 5 2.88 33.03 95.00 13.25 
TS-4 Ad Lib Puffing Session 6 2.55 27.05 68.97 13.75 
TS-4 Ad Lib Puffing Session 7 2.75 28.79 79.15 14.65 
TS-4 Ad Lib Puffing Session 8 2.88 26.86 77.22 16.20 
TS-4 Ad Lib Puffing Session 9 3.05 29.51 90.01 20.70 
TS-4 Ad Lib Puffing Session 10 3.15 30.14 95.02 15.20 
TS-4 Ad Lib Puffing Session 11 2.93 29.37 85.92 24.68 
TS-4 Ad Lib Puffing Session 12 3.27 29.58 96.83 22.48 
TS-4 Ad Lib Puffing Session 13 1.83 21.53 39.29 22.93 
TS-4 Ad Lib Puffing Session 14 2.43 33.36 80.91 16.88 
TS-4 Ad Lib Puffing Session 15 2.98 30.17 89.75 15.15 
TS-4 Ad Lib Puffing Session 16 2.58 35.47 91.34 19.40 
TS-4 Ad Lib Puffing Session 17 3.13 31.01 96.94 26.60 
TS-4 Ad Lib Puffing Session 18 2.68 35.63 95.31 29.10 
TS-4 Ad Lib Puffing Session 19 2.53 33.85 85.46 15.28 
TS-4 Ad Lib Puffing Session 20 2.70 34.53 93.19 74.70 
TS-4 Ad Lib Puffing Session 21 2.20 24.92 54.82 0.27 
TS-4 Ad Lib Puffing Session 22 0.48 34.21 16.25 6.45 
TS-4 Ad Lib Puffing Session 23 2.50 37.36 93.37 16.13 
TS-4 Ad Lib Puffing Session 24 2.85 33.77 96.20 20.23 
TS-4 Ad Lib Puffing Session 25 3.00 28.74 86.21 41.72 
TS-4 Ad Lib Puffing Session 26 3.00 34.25 102.75 18.88 
TS-4 Ad Lib Puffing Session 27 2.63 35.30 92.67 27.23 
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TS-4 Ad Lib Puffing Session 28 2.45 26.77 65.58 10.70 
TS-4 Ad Lib Puffing Session 29 2.87 31.71 91.10 10.88 
TS-4 Ad Lib Puffing Session 30 3.00 31.71 95.13 13.80 
TS-4 Ad Lib Puffing Session 31 3.25 28.46 92.43 16.85 
TS-4 Ad Lib Puffing Session 32 3.02 30.01 90.74 11.45 
TS-4 Ad Lib Puffing Session 33 2.88 28.74 82.64 24.07 
TS-4 Ad Lib Puffing Session 34 2.88 34.77 99.98 14.48 
TS-4 Ad Lib Puffing Session 35 0.52 12.33 6.46 0.90 
TS-4 Ad Lib Puffing Session 36 0.85 18.62 15.85 0.22 
TS-4 Ad Lib Puffing Session 37 0.38 12.20 4.60 20.62 
TS-4 Ad Lib Puffing Session 38 3.28 30.49 99.85 22.20 
TS-4 Ad Lib Puffing Session 39 3.30 31.60 104.31 15.07 
TS-4 Ad Lib Puffing Session 40 3.33 27.77 92.37 18.75 
TS-4 Ad Lib Puffing Session 41 3.20 24.76 79.25 12.10 
TS-4 Ad Lib Puffing Session 42 3.00 25.60 76.81 18.42 
TS-4 Ad Lib Puffing Session 43 3.83 25.86 98.92 32.93 
TS-4 Ad Lib Puffing Session 44 2.90 32.68 94.76 43.87 
TS-4 Ad Lib Puffing Session 45 2.68 32.75 87.61 14.35 
TS-4 Ad Lib Puffing Session 46 3.00 32.43 97.32 15.58 
TS-4 Ad Lib Puffing Session 47 3.28 25.81 84.52 16.60 
TS-4 Ad Lib Puffing Session 48 3.33 27.96 92.98 16.20 
TS-4 Ad Lib Puffing Session 49 3.13 28.68 89.64 14.63 
TS-4 Ad Lib Puffing Session 50 3.18 30.68 97.42 28.55 
TS-4 Ad Lib Puffing Session 51 2.98 28.33 84.32 29.15 
TS-4 Ad Lib Puffing Session 52 2.55 30.49 77.71 14.70 
TS-4 Ad Lib Puffing Session 53 1.45 25.58 37.09 0.40 
TS-4 Ad Lib Puffing Session 54 1.38 23.57 32.41 23.53 
TS-4 Ad Lib Puffing Session 55 3.15 30.88 97.27 22.45 
TS-4 Ad Lib Puffing Session 56 1.98 24.38 48.17 0.25 
TS-4 Ad Lib Puffing Session 57 0.73 13.82 10.02 7.95 
TS-4 Ad Lib Puffing Session 58 3.07 31.85 97.90 48.95 
TS-4 Ad Lib Puffing Session 59 2.25 28.80 64.81 9.63 
TS-4 Ad Lib Puffing Session 60 2.68 34.57 92.49 11.10 
TS-4 Ad Lib Puffing Session 61 2.85 27.76 79.09 16.48 
TS-4 Ad Lib Puffing Session 62 3.17 30.33 96.26 12.45 
TS-4 Ad Lib Puffing Session 63 3.05 33.17 101.17 8.78 
473 
 
TS-4 Ad Lib Puffing Session 64 3.28 30.07 98.48 14.23 
TS-4 Ad Lib Puffing Session 65 3.40 26.52 90.17 22.95 
TS-4 Ad Lib Puffing Session 66 2.88 33.41 96.06 16.68 
TS-4 Ad Lib Puffing Session 67 2.40 31.73 76.14 14.05 
TS-4 Ad Lib Puffing Session 68 3.00 34.02 102.06 11.88 
TS-4 Ad Lib Puffing Session 69 2.25 34.25 77.62 0.28 
TS-4 Ad Lib Puffing Session 70 0.32 18.43 5.95 12.98 
TS-4 Ad Lib Puffing Session 71 3.05 35.00 106.74 22.05 
TS-4 Ad Lib Puffing Session 72 2.22 30.77 68.43 0.23 
TS-4 Ad Lib Puffing Session 73 0.77 13.99 10.83 12.95 
TS-4 Ad Lib Puffing Session 74 2.83 37.00 104.56 31.63 
TS-4 Ad Lib Puffing Session 75 2.47 41.05 101.57 11.63 
TS-4 Ad Lib Puffing Session 76 3.15 33.92 106.82 14.35 
TS-4 Ad Lib Puffing Session 77 3.20 31.62 101.22 22.12 
TS-4 Ad Lib Puffing Session 78 3.50 31.77 111.19 14.10 
TS-4 Ad Lib Puffing Session 79 3.23 31.16 100.49 47.60 
TS-4 Ad Lib Puffing Session 80 3.42 29.18 99.91 20.68 
TS-4 Ad Lib Puffing Session 81 3.15 33.38 105.15 18.05 
TS-4 Ad Lib Puffing Session 82 3.10 31.11 96.45 20.50 
TS-4 Ad Lib Puffing Session 83 3.08 34.90 107.34 15.10 
TS-4 Ad Lib Puffing Session 84 3.10 29.23 90.60 45.08 
TS-4 Ad Lib Puffing Session 85 3.13 29.21 91.28 25.60 
TS-4 Ad Lib Puffing Session 86 0.70 24.99 17.52 0.32 
TS-4 Ad Lib Puffing Session 87 1.20 24.14 28.96 54.83 
TS-4 Ad Lib Puffing Session 88 2.65 35.18 93.23 11.70 
TS-4 Ad Lib Puffing Session 89 3.33 30.56 101.60 69.75 
TS-4 Ad Lib Puffing Session 90 3.05 34.08 103.96 19.73 
TS-4 Ad Lib Puffing Session 91 2.85 25.79 73.48 27.20 
TS-4 Ad Lib Puffing Session 92 3.00 34.43 103.27 0.53 
TS-4 Ad Lib Puffing Session 93 0.30 26.70 7.98 36.55 
TS-4 Ad Lib Puffing Session 94 2.92 33.29 97.35 16.10 
TS-4 Ad Lib Puffing Session 95 2.50 35.06 87.58 0.40 
TS-4 Ad Lib Puffing Session 96 1.38 31.45 43.24 7.27 
TS-4 Ad Lib Puffing Session 97 3.30 29.34 96.81 20.20 
TS-4 Ad Lib Puffing Session 98 3.03 30.73 92.95 8.83 
TS-4 Ad Lib Puffing Session 99 3.32 27.25 90.59 15.15 
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TS-4 Ad Lib Puffing Session 100 2.92 34.09 99.68 10.45 
TS-4 Ad Lib Puffing Session 101 3.22 25.59 82.49 19.53 
TS-4 Ad Lib Puffing Session 102 2.55 35.34 90.12 43.65 
TS-4 Ad Lib Puffing Session 103 3.00 33.37 100.09 0.55 
TS-4 Ad Lib Puffing Session 104 0.55 26.19 14.43 21.75 
TS-4 Ad Lib Puffing Session 105 2.35 36.31 85.30 18.50 
TS-4 Ad Lib Puffing Session 106 3.00 31.33 93.98 48.98 
TS-4 Ad Lib Puffing Session 107 2.25 37.75 84.90 38.73 
TS-4 Ad Lib Puffing Session 108 2.43 37.53 91.00 33.90 
TS-4 Ad Lib Puffing Session 109 3.63 24.71 89.59 94.80 
TS-4 Ad Lib Puffing Session 110 2.90 34.70 100.62 21.35 
TS-4 Ad Lib Puffing Session 111 2.88 34.16 98.22 13.25 
TS-4 Ad Lib Puffing Session 112 3.85 24.00 92.39 79.95 
TS-4 Ad Lib Puffing Session 113 2.73 31.99 87.20 62.90 
TS-4 Ad Lib Puffing Session 114 2.68 30.97 82.85 20.13 
TS-4 Ad Lib Puffing Session 115 2.53 33.21 83.85 18.82 
TS-4 Ad Lib Puffing Session 116 3.10 31.76 98.45 15.50 
TS-4 Ad Lib Puffing Session 117 2.85 29.27 83.42 30.03 
TS-4 Ad Lib Puffing Session 118 2.75 31.35 86.17 43.63 
TS-4 Ad Lib Puffing Session 119 2.57 38.33 98.66 38.00 
TS-4 Ad Lib Puffing Session 120 3.57 26.83 95.88 53.60 
TS-4 Ad Lib Puffing Session 121 2.68 30.86 82.55 19.83 
TS-4 Ad Lib Puffing Session 122 3.18 29.12 92.45 10.10 
TS-4 Ad Lib Puffing Session 123 2.85 30.91 88.10 27.78 
TS-4 Ad Lib Puffing Session 124 3.18 28.98 92.00 174.33 
TS-4 Ad Lib Puffing Session 125 2.45 37.60 92.11 23.90 
TS-4 Ad Lib Puffing Session 126 2.88 32.41 93.18 65.63 
TS-4 Ad Lib Puffing Session 127 2.45 35.10 85.96 11.23 
TS-4 Ad Lib Puffing Session 128 3.20 31.03 99.27 33.85 
TS-4 Ad Lib Puffing Session 129 2.87 33.34 95.81 16.18 
TS-4 Ad Lib Puffing Session 130 3.15 29.34 92.42 22.83 
 
Table 2 from the TAP shows all the average values for each puffing session taken. In this case 
Table 2, 3 and 4 show all the same information because only one puffing session was taken for the 
subject. The information presented in Table 9.3 (below) comes from Table 3. This table has also 
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been modified, like the two previous. The information that was excluded are: Subject, Subject 
Average Mean Puff Flow, Subject Puff Volume Standard Deviation, Subject Puff Volume 
Variance, Subject Puff Volume Minimum, Subject Puff Volume Maximum, and Subject Puff 
Volume Summation. 
Table 9.3: Table 3 generated from the TAP for TS-4. 
Session ID 
Number of 













TS-4 130 2.68 30.24 82.70 22.83 
 
The same table identifying the number of puffs, puff start time, puff end time, approximate puff 
duration and, approximate interpuff gap associated with TS-10 is recorded in Table 9.4 (below).  
Table 9.4: TS-10 Video Recorded Data. 
Test Subject 10, TS-10 





1 11:41:08 11:41:12 4 21 
2 11:41:33 11:41:37 4 43 
3 11:42:20 11:42:25 5 65 
4 11:43:30 11:43:35 5 14 
5 11:43:49 11:43:51 2 43 
6 11:44:34 11:44:38 4 74 
7 11:46:19 11:46:23 4 51 
8 11:47:14 11:47:19 5 54 
9 11:48:13 11:48:18 5 134 
10 11:50:32 11:50:37 5 97 
11 11:52:14 11:52:21 7 52 
12 11:53:13 11:53:18 5 118 
13 11:55:16 11:55:22 6 107 
14 11:57:09 11:57:15 6 29 
15 11:57:44 11:57:50 6 79 
16 11:59:09 11:59:11 2 17 
17 11:59:28 11:59:35 7 68 
18 12:00:43 12:00:48 5 18 
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19 12:01:06 12:01:08 2 23 
20 12:01:31 12:01:39 8 117 
21 12:03:36 12:03:44 8 103 
22 12:05:27 12:05:34 7 78 
23 12:06:52 12:07:00 8 51 
24 12:07:51 12:07:54 3 130 
25 12:10:04 12:10:12 8 57 
26 12:11:09 12:11:15 6 44 
27 12:11:59 12:12:06 7 129 
28 12:14:15 12:14:23 8 45 
29 12:15:08 12:15:16 8 89 
30 12:16:45 12:16:50 5 16 
31 12:17:06 12:17:12 6 189 
32 12:20:21 12:20:25 4 115 
33 12:22:20 12:22:25 5 13 
34 12:22:38 12:22:45 7 70 
35 12:23:55 12:24:04 9 48 
36 12:24:52 12:25:01 9 19 
37 12:25:20 12:25:29 9 N/A 
 
The Topography plot generated from the TAP for TS-10 is provided in Figure 9.6 (below). In the 
plot there are two graphs. The first graph shows the measured Flow Rate in mL/s on the y-axis and 
the Time in seconds on the x-axis. The measured raw data signal is denoted in blue while the 
interpreted signal, based on the criteria in the TAP, is denoted in orange. The second graph shows 




Figure 9.6: wPUM Analysis for TS-10 Ad Lib Puffing Session. 
The Table 0 information generated in the Matlab command window for TS-10 is provided below. 
* * * Puffing session data analysis * * *   
 * * * * * * Beginning Analysis of Subject Data  * * * * * * * * * * * *   
             Subject Data Folder: TS-10\   
 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *   
             Analysis Protocol File for this Subject series: AnalysisProtocol.csv   
 * * * Conducting wPUM Topography Analysis of Voltage Datafile: TS-10 Ad Lib Puffing 
Session.TXT   
ReadPuffDataFile(): fullpath 
C:\Users\Karina\Documents\KarinaRoundtree\web\private\WorkingFiles\Data Processing\Aim 
5\TS-10\TS-10 Ad Lib Puffing Session.TXT 
ReadPuffDataFile(): Size of data=110981 
numdata1 110980 
 Number of puffs taken 49  
 Consolidated number of puffs 39  
 Number of consolidated puffs exceeding minimum duration:  37 
 
Table 1 information is provided in Table 9.5 (below) for TS-10. This table captures information 
for every puff taken in the entire session. It has been modified in this document in order to show 
the information pertinent to this specific aim. The information that was excluded are: Subject, Puff 
Start and End time, as well as the Session Time and Date stamp.  
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TS-10 Ad Lib Puffing Session 1 3.80 31.03 117.94 20.62 
TS-10 Ad Lib Puffing Session 2 3.48 31.69 110.12 43.45 
TS-10 Ad Lib Puffing Session 3 4.80 30.37 145.83 64.90 
TS-10 Ad Lib Puffing Session 4 4.18 28.76 120.09 15.12 
TS-10 Ad Lib Puffing Session 5 0.98 18.66 18.19 43.55 
TS-10 Ad Lib Puffing Session 6 2.97 28.89 85.92 100.90 
TS-10 Ad Lib Puffing Session 7 3.80 36.32 138.10 50.45 
TS-10 Ad Lib Puffing Session 8 4.60 33.14 152.45 54.28 
TS-10 Ad Lib Puffing Session 9 4.25 36.07 153.27 133.30 
TS-10 Ad Lib Puffing Session 10 4.40 38.73 170.37 96.75 
TS-10 Ad Lib Puffing Session 11 6.37 41.35 263.55 51.70 
TS-10 Ad Lib Puffing Session 12 4.80 37.78 181.33 117.28 
TS-10 Ad Lib Puffing Session 13 5.98 37.65 225.01 195.35 
TS-10 Ad Lib Puffing Session 14 5.78 37.48 216.42 29.60 
TS-10 Ad Lib Puffing Session 15 5.58 37.12 206.94 78.53 
TS-10 Ad Lib Puffing Session 16 1.35 31.75 42.86 18.05 
TS-10 Ad Lib Puffing Session 17 5.85 39.64 231.91 68.48 
TS-10 Ad Lib Puffing Session 18 4.52 36.25 163.98 17.65 
TS-10 Ad Lib Puffing Session 19 2.18 33.86 73.65 23.62 
TS-10 Ad Lib Puffing Session 20 6.60 29.70 196.05 116.80 
TS-10 Ad Lib Puffing Session 21 8.53 30.01 255.84 101.85 
TS-10 Ad Lib Puffing Session 22 6.80 34.10 231.87 78.25 
TS-10 Ad Lib Puffing Session 23 7.33 36.32 266.04 50.78 
TS-10 Ad Lib Puffing Session 24 3.03 34.70 104.97 129.87 
TS-10 Ad Lib Puffing Session 25 6.83 36.73 250.75 56.75 
TS-10 Ad Lib Puffing Session 26 6.53 32.92 214.82 43.30 
TS-10 Ad Lib Puffing Session 27 7.33 35.73 261.78 128.15 
TS-10 Ad Lib Puffing Session 28 7.68 37.58 288.43 45.57 
TS-10 Ad Lib Puffing Session 29 7.08 37.52 265.47 88.67 
TS-10 Ad Lib Puffing Session 30 4.23 34.56 146.00 16.10 
TS-10 Ad Lib Puffing Session 31 6.23 34.03 211.87 188.40 
TS-10 Ad Lib Puffing Session 32 2.50 39.30 98.29 115.58 
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TS-10 Ad Lib Puffing Session 33 1.90 24.36 46.29 15.50 
TS-10 Ad Lib Puffing Session 34 6.25 41.31 258.21 70.30 
TS-10 Ad Lib Puffing Session 35 8.22 39.89 328.09 48.38 
TS-10 Ad Lib Puffing Session 36 8.20 36.57 299.89 19.83 
TS-10 Ad Lib Puffing Session 37 7.87 34.24 269.61 67.99 
 
Table 2 from the TAP shows all the average values for each puffing session taken. In this case 
Table 2, 3 and 4 show all the same information because only one puffing session was taken for the 
subject. The information presented in Table 9.6 (below) comes from Table 3. This table has also 
been modified, like the two previous. The information that was excluded are: Subject, Subject 
Average Mean Puff Flow, Subject Puff Volume Standard Deviation, Subject Puff Volume 
Variance, Subject Puff Volume Minimum, Subject Puff Volume Maximum, and Subject Puff 
Volume Summation. 
Table 9.6: Table 3 generated from the TAP for TS-10. 
Session ID 
Number of 













TS-10 37 5.21 34.49 184.11 67.99 
 
Table 9.7 (below) identifies the number of puffs, puff start time, puff end time, approximate puff 
duration and, approximate interpuff gap associated with TS-20.  
Table 9.7: TS-20 Video Recorded Data. 
Test Subject 20, TS-20 





1 2:21:14 2:21:17 3 21 
2 2:21:38 2:21:41 3 35 
3 2:22:16 2:22:18 2 57 
4 2:23:15 2:23:17 2 31 
5 2:23:48 2:23:51 3 96 
6 2:25:27 2:25:30 3 112 
7 2:27:22 2:27:24 2 76 
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8 2:28:40 2:28:43 3 180 
9 2:31:43 2:31:45 2 44 
10 2:32:29 2:32:32 3 45 
11 2:33:17 2:33:18 1 41 
12 2:33:59 2:34:01 2 96 
13 2:35:37 2:35:39 2 64 
14 2:36:43 2:36:44 1 106 
15 2:38:30 2:38:32 2 57 
16 2:39:29 2:39:32 3 59 
17 2:40:31 2:40:34 3 68 
18 2:42:12 2:42:14 2 76 
19 2:43:30 2:43:32 2 77 
20 2:44:49 2:44:52 3 138 
21 2:47:10 2:47:12 2 163 
22 2:49:55 2:49:57 2 84 
23 2:51:21 2:51:23 2 100 
24 2:53:03 2:53:06 3 N/A 
 
Figure 9.7 (below) identifies the Topography plot generated from the TAP for TS-20. In the plot 
there are two graphs. The first graph shows the measured Flow Rate in mL/s on the y-axis and the 
Time in seconds on the x-axis. The measured raw data signal is denoted in blue while the 
interpreted signal, based on the criteria in the TAP, is denoted in orange. The second graph shows 




Figure 9.7: wPUM Analysis for TS-20 Ad Lib Puffing Session. 
The information generated in the Matlab command window and Table 0 for TS-20 is provided 
below. 
* * * Puffing session data analysis * * *   
 * * * * * * Beginning Analysis of Subject Data  * * * * * * * * * * * *   
             Subject Data Folder: TS-20\   
 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *   
             Analysis Protocol File for this Subject series: AnalysisProtocol.csv   
 * * * Conducting wPUM Topography Analysis of Voltage Datafile: TS-20 Ad Lib Puffing 
Session.TXT   
ReadPuffDataFile(): fullpath 
C:\Users\Karina\Documents\KarinaRoundtree\web\private\WorkingFiles\Data Processing\Aim 
5\TS-20\TS-20 Ad Lib Puffing Session.TXT 
ReadPuffDataFile(): Size of data=82312 
numdata1 82311 
 Number of puffs taken 77  
 Consolidated number of puffs 35  
 Number of consolidated puffs exceeding minimum duration:  31 
 
The information corresponding to Table 1 is provided in Table 9.8 (below) for TS-20. This table 
captures information for every puff taken in the entire session. It has been modified in this 
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document in order to show the information pertinent to this specific aim. The information that was 
excluded are: Subject, Puff Start and End time, as well as the Session Time and Date stamp.  
















TS-20 Ad Lib Puffing Session 1 1.25 22.19 27.72 39.75 
TS-20 Ad Lib Puffing Session 2 2.68 19.29 51.61 22.55 
TS-20 Ad Lib Puffing Session 3 0.85 14.08 11.97 35.28 
TS-20 Ad Lib Puffing Session 4 0.53 22.64 11.89 1.00 
TS-20 Ad Lib Puffing Session 5 0.60 11.15 6.69 56.85 
TS-20 Ad Lib Puffing Session 6 1.45 19.16 27.79 31.40 
TS-20 Ad Lib Puffing Session 7 2.53 16.70 42.19 97.43 
TS-20 Ad Lib Puffing Session 8 0.20 12.22 2.43 0.45 
TS-20 Ad Lib Puffing Session 9 0.80 17.06 13.67 111.08 
TS-20 Ad Lib Puffing Session 10 1.87 26.77 50.17 76.75 
TS-20 Ad Lib Puffing Session 11 1.85 19.17 35.45 178.85 
TS-20 Ad Lib Puffing Session 12 0.35 23.79 8.32 0.28 
TS-20 Ad Lib Puffing Session 13 0.58 22.04 12.67 0.28 
TS-20 Ad Lib Puffing Session 14 0.33 17.13 5.57 46.13 
TS-20 Ad Lib Puffing Session 15 0.62 22.64 14.13 45.18 
TS-20 Ad Lib Puffing Session 16 0.90 24.63 22.19 41.60 
TS-20 Ad Lib Puffing Session 17 0.68 21.34 14.43 96.20 
TS-20 Ad Lib Puffing Session 18 0.43 15.14 6.45 0.23 
TS-20 Ad Lib Puffing Session 19 1.00 23.84 23.81 63.18 
TS-20 Ad Lib Puffing Session 20 0.28 21.53 5.94 0.38 
TS-20 Ad Lib Puffing Session 21 0.28 19.06 5.24 105.45 
TS-20 Ad Lib Puffing Session 22 2.20 25.38 55.84 57.13 
TS-20 Ad Lib Puffing Session 23 2.02 24.00 48.55 59.93 
TS-20 Ad Lib Puffing Session 24 1.67 28.05 46.95 97.80 
TS-20 Ad Lib Puffing Session 25 1.75 28.34 49.63 76.10 
TS-20 Ad Lib Puffing Session 26 1.88 31.73 59.49 76.60 
TS-20 Ad Lib Puffing Session 27 2.07 28.33 58.75 137.78 
TS-20 Ad Lib Puffing Session 28 1.95 30.58 59.61 162.23 
TS-20 Ad Lib Puffing Session 29 1.90 28.81 54.71 83.45 
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TS-20 Ad Lib Puffing Session 30 1.95 28.62 55.83 99.47 
TS-20 Ad Lib Puffing Session 31 2.55 28.50 72.68 63.36 
 
Table 2 from the TAP shows all the average values for each puffing session taken. In this case 
Table 2, 3 and 4 show all the same information because only one puffing session was taken for the 
subject. The information presented in Table 9.9 (below) comes from Table 3. This table has also 
been modified, like the two previous. The information that was excluded are: Subject, Subject 
Average Mean Puff Flow, Subject Puff Volume Standard Deviation, Subject Puff Volume 
Variance, Subject Puff Volume Minimum, Subject Puff Volume Maximum, and Subject Puff 
Volume Summation. 
Table 9.9: Table 3 generated from the TAP for TS-20. 
Session ID 
Number of 













TS-20 31 1.29 22.38 31.04 63.36 
9.5 DISCUSSION OF RESULTS 
The results that were produced from the video recording and measured from the wPUM are 
consistent with only a few differences. For TS-4 the observed number of puffs from the video 
recording was 119 while the wPUM measured 130. In the wPUM Data there are 11 puffs that 
could have potentially been consolidated with another puff to account for the observed 119. Those 
puffs are puff #21, 35, 36, 53, 56, 69, 72, 86, 92, 95, 103. This suggests that this specific test 
subject did not draw on the electronic cigarette with the same consistency. What appeared to be 
one puff could actually be broken down to two puffs because a pause on drawing could have 
occurred. A qualitative observation made about this subject was the way the individual consumed 
the electronic cigarette vapor. They would draw on the electronic cigarette, hold the vapor in their 
lungs temporarily, and then most often than not exhale the majority of the vapor out of their nose. 
This subject was very consistent in that behavior. Table 9.10 (below) shows the comparison 
between the recorded and measured data for TS-4.  
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Recorded 119 3 1 25 21 
Measured 130 2.68 0.75 22.83 21.30 
 
From the data presented in the table it can be seen that the recorded and measured values mirrored 
each other very closely. The standard deviation for both the recorded and measured data supports 
the qualitative observation that this test subject puffs very consistently and frequently. In order to 
improve the comparison it is recommended for future studies to use a clock that can measure 
milliseconds. This will allow a more precise one to one comparison. The data recorded for TS-10 
produced the same number of measured puffs from the wPUM. Table 9.11 (below) shows this 
comparison.  












Recorded 37 6 2 68 43 
Measured 37 5.21 2.04 67.99 42.02 
 
This test subject had puff durations that were twice the size of the puffs TS-4 took however, they 
took a puff half as often. Which means that even though TS-4 is not drawing as long they are still 
consuming more than TS-10 because they consume two puffs in the amount of time TS-10 
consumes one and they consume approximately 1.5 times more than TS-10 due to the number of 
puffs they consume. TS-10 consumes the electronic cigarette vapor similarly to TS-4 except they 
hold the vapor in their lungs for a very long time and then exhale through their nose. It was 
qualitatively observed that they would hold the vapor for 5 – 6 seconds.  Table 9.12 (below) shows 
the comparison for TS-20.  












Recorded 24 2 1 81 41 
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Measured 31 1.29 0.79 63.36 47.38 
 
For TS-20 the observed number of puffs from the video recording was 24 while the wPUM 
measured 31. In the wPUM Data there are 6 puffs that could have potentially been consolidated 
with another puff to account for an observed 25. Those puffs are puff #4, 8, 12, 13, 18 and 20. A 
seventh puff had to be accounted for to validate the capability of the wPUM to measure observed 
puffs. After further investigation it appears that the test subject puffed on the wPUM before the 
recording device was able to capture the data. This was concluded after comparing the recorded to 
measured data. Since there were more measured puffs than recorded puffs this suggests that this 
test subject did not draw on the electronic cigarette with the same consistency. What appeared to 
be one puff could have potentially been measured as two because of a pause on drawing. This 
subject, like TS-4, had smaller puff durations but had the largest interpuff gap. This essentially 
means that of the three test subjects TS-20 consumed the least amount of vapor.  
This variability supports the notion that not one puffing topography identifies how all users utilize 
electronic cigarettes. A range of topography profiles are needed in order to best depict how these 
products are being used and consumed. One qualitative observation that was made for all three test 
subjects in this study was how the test subjects held the wPUM. They never held the wPUM how 
it was designed to be held. It is recommended for future studies to investigate other designs that 
better describe how people hold onto their devices. This is essential since it can cause discontinued 
use because of being uncomfortable.  
Another observation that was made for this study was the LED on the electronic cigarette staying  
illuminated after it exited a test subjects mouth. This behavior occurred numerous times across the 
test cohort. It is recommended to further investigate the implications of the LED staying 
illuminated. Since the LED indicates when atomization of the e-liquid is occurring this could 
potentially make the wPUM record activity that is not occurring due to the user.  
9.6 CONCLUSIONS 
This study wanted to evaluate the ability of the wPUM and TAP to detect the Actual Users 
Topography in a laboratory setting. Overall the results produced validate that the wPUM and TAP 
are capable of measuring actual user’s topography accurately. This study can be improved by 
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utilizing a clock that can measure milliseconds in order to improve observed puff duration and 
interpuff gap values. It should be noted that measuring users topography in a laboratory setting is 
not the most ideal environment since some users will behave differently in front of a video 
recording device or researcher. However, conducting this study did provide valuable data. One of 
the first observations made from this aim was that in general more puffs were recorded with the 
wPUM instead of the video recording device. The reason why this occurred was because some 
subjects may pause momentarily while drawing on an electronic cigarette. What may appear to the 
eye as one puff really could be two puffs. This is what the wPUM would measure. The second 
qualitative observation made was the LED staying illuminated even after exiting the test subjects 
mouth. It is recommended to do some further investigation to understand the implications of this 
behavior when measuring puffing topography. This study supports the notion that various puffing 
topography profiles should be evaluated since puffing behavior varies widely amongst users.  
10 CHAPTER 10: CONCLUSIONS AND DISCUSSION 
The goal of this research was to validate that the wPUM is capable of gathering electronic cigarette 
topography data accurately. The aims were designed to test the wPUM in various conditions by 
altering topography, testing environments, brands of electronic cigarettes and generation of 
aerosol.  The recommended capabilities of the wPUM are provided in Table 10.1 (below).  
Table 10.1: Recommended wPUM capability. 
wPUM Recommended Use Parameters 
Measuring Characteristic Units Value Cumulative Error Estimate 
Sampling Period s 0.025 ± 0.0125 
Minimum Puff Duration s 0.2 ± 0.0125 
Minimum Interpuff Gap s 0.2 ± 0.0125 
Minimum Puff Period s 0.4 ± 0.0125 
Δ Pressure (Voltage) Range Digital Counts 527 – 921  ± 1 
Flow Rate Range if 
Calibration Coefficient = 
4.53 
mL/s 14 – 55  
𝑒𝑟𝑟𝑜𝑟𝑚𝑖𝑛 ± 0.58 





The equation (below) was used to determine the cumulative error estimate for flow rate. 
?̇?  =  4.53√527 − 512   𝑞𝑙𝑜𝑤𝑒𝑟̇  =  17.54  10-1 
?̇? =  4.53√528 − 512   𝑞𝑢𝑝𝑝𝑒𝑟̇ =  18.12  
Once the 𝑞𝑢𝑝𝑝𝑒𝑟̇  and 𝑞𝑙𝑜𝑤𝑒𝑟̇  values are calculated then the values were subtracted to determine 
the error. This is an example of the minimum error. The same procedure was used for the 
maximum error. The error value is expected to increase as the flow rate increases. However, in 
this example the 𝑒𝑟𝑟𝑜𝑟𝑚𝑎𝑥 is smaller. Therefore it is recommended to further investigate why 
this occurring in order to report the correct cumulative error values.   
Further validation of the minimum puff duration and minimum interpuff gap can be conducted by 
running the Aim 1.1 – 1.3 data utilizing the TAP program. This is recommended for future studies. 
In order to produce the best calibration coefficient, the Measured Alicat Flow Rate versus 
Measured wPUM Voltage should be used instead of the Input File for the PES. This will ensure 
that reported flow rates will be more accurate. In addition each testing condition, No E-Cig versus 
electronic cigarette brands, needs to have its own Calibration Coefficient since there was wide 
variability amongst the conditions. It is recommended to modify the RIT Flow Rate Calibration – 
Full Series Profile to vary between 15mL/s – 55mL/s. This will ensure that in the lower limit the 
digital counts will be outside of the noise region, allowing the TAP to detect 36 puffs and produce 
a different calibration coefficient instead of utilizing the default value, and at the higher limit 
saturation of the PES will not be reached ensuring reliable data.   
For future testing modifying the input square wave in the puffing protocol to a sinusoidal input 
may help mitigate overshoot and undershoot at the beginning of a puff. By taking this 
recommendation into consideration the reported puff flow rates and volumes may produce more 
accurate data with less associated error. Characterizing each electronic cigarette can also impact 
the reported flow rates and volumes. It is necessary to ensure the correct Calibration Coefficient is 
being used for a given device.  
This study identified that utilizing the Baseline Drift Compensation module to save data that was 
impacted by condensation has room for improvement. It was able to salvage some data but there 
were cases that it negatively impacted the measured puffing topography. It is recommended instead 
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to build a contraption within the Orifice Plate Assembly capable of capturing condensation without 
negatively impacting the flow characteristics or differential pressure across the orifice plate.   
In addition it is essential that the working machine driving the PES be taken off any networks in 
order to ensure no distractions are interrupting the program when conducting a test. This 
recommendation may help mitigate issues that were associated with extended puff durations and 
interpuff gaps. Overall the wPUM and TAP are capable of measuring various types of topography 
accurately under numerous conditions and environments. This study supports the notion that 
various puffing topography profiles should be evaluated since puffing behavior varies widely 
amongst users. The wPUM is a more than adequate instrument capable of describing how people 
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PROJECT TITLE  
Developing Methods for Measuring Electronic Cigarette Consumption 
Continuation of Original Scope – Video Recording in Laboratory 
INTRODUCTION 
You are invited to join a research study to test a comprehensive, non-invasive portable surveillance 
system that will enable researchers to study behavioral changes that accompany the use of new 
tobacco products. Please take whatever time you need to discuss the study with your family and 
friends, or anyone else you wish to. The decision to join, or not to join, is up to you. 
The comprehensive surveillance system developed in this study is an enabling technology that will 
make possible several advances in the area of risk assessment.  The device will provide realistic 
smoking patterns that are needed to better understand health risks associated with long term 
switching to purportedly reduced exposure products. Our on-going research will utilize these 
realistic smoking patterns to drive machine emissions tests, and to improve the accuracy of in vitro 
and in vivo animal exposure studies.  Ultimately, this research will provide the Food and Drug 
Administration and RTI International with the information needed to replace obsolete testing 
protocols, and will lead to updated regulatory policies regarding how new tobacco products will 
be tested.  The proposed study takes the necessary first step in meaningful risk assessment and will 
ultimately lead to consumers who are better informed about the associated health risks and benefits 
of potentially reduced exposure products.  
WHAT IS INVOLVED IN THE STUDY? 
If you decide to participate you will be asked to use your electronic cigarette product in the 
Respiratory Technologies Laboratory at RIT (09-2180), at your normal usage patterns.  You will 
be asked to use the wireless personal use monitor (wPUM) for a one time smoking cession while 
being video recorded.  The wPUM will record the manner in which you are smoking through the 
device.  You will be provided with the wireless Personalized Use Monitor (wPUM) and trained in 
497 
 
the use of the device under the direction of Dr. Robinson.  You will supply your own brand of 
disposable cigarette for the test.   
You will first be asked if you want to quit smoking, and if so will be referred to cessation treatment 
at the Office of Student Health Services (for students) and to the Greater Rochester Area Tobacco 
Cessation Clinic (GRATCC), Rochester NY.  If you are not ready to quit smoking, you will be 
required to sign a waiver stating that you decline cessation treatment before continuing in the 
enrollment process.  Next, you will be required to sign a waiver stating that they meet the 
inclusion/exclusion criteria described in Table 1, along with a release of information form.  
Women will be required to sign a waiver stating that they are not pregnant and do not intend to 
become pregnant during the course of the study. You can stop participating at any time. 
 
The investigators may stop the study or take you out of the study at any time they judge it is in 
your best interest. They may also remove you from the study for various other reasons. They can 
do this without your consent. 
Table 1. Inclusion/Exclusion Criteria 
Inclusion criteria Exclusion criteria 
1. Age 18-65 yrs
  
2. Subjects must be 
electronic 





cancer                                 
3. Asthma 
4. COPD, FEV1<65% predicted 
5. Chronic Bronchitis 
6. Cystic Fibrosis 
7. Allergic Bronchopulmonary 
Aspergillosis 
8. Pneumonia in prior six weeks 
9. Other significant chronic lung disease 
10. Pregnant women or women who intend to become 
pregnant 
11. Menstruating women 
12. Congestive Heart Failure 
13. Other chronic systemic illness 




There are no significant increased risks associated with this study.  We are recruiting current users 
who pass the inclusion/exclusion criteria. You will be asked to use your usual brand, as you would 
normally do and therefore this study will not increase your health risk more than that caused by 
your normal use behavior.  Although there may be other risks that we cannot predict, we do not 
anticipate any increased health risk associated with your participation in this study.   
BENEFITS TO TAKING PART IN THE STUDY 
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There are no immediate, direct benefits to the research subjects recruited, but the long-term 
potential benefits to smokers could be very significant. Gaining an understanding of behavioral 
changes that accompany use of potentially reduced exposure products could have wide-ranging 
benefits to both the general public as well as health care professionals. This study will ultimately 
improve public health awareness of differential risks associated with potentially reduced exposure 
products.  
The ability to monitoring smoking behavior in the smoker’s natural environment will provide 
information that is currently unknown, but urgently needed.  It is unknown if exposure to toxic 
constituents is actually decreased with these potentially reduced risk products, or if compensatory 
behavior causes overall exposure to remain the same or increase over the course of long term 
switching. The overall significance of the knowledge gained is whether or not potentially reduced 
exposure tobacco products provide a truly, less-harmful alternative to conventional tobacco 
products.  Due to the potential significance of our research, it is evident that the benefits are great 
in relation to the risks, if any, to the study participants. We expect a total of 5-7 people will 
participate in this study.  
CONFIDENTIALITY 
We will take the following steps to keep information about you confidential, and to protect it from 
unauthorized disclosure, tampering, or damage.  Upon final enrollment, each subject will be 
assigned a number which will be used to designate all smoking profiles.  The data collected from 
the subjects will be referenced only by these numbers in any laboratory documents, electronic 
database, documented or published material. The assignment of number to each subject will be 
recorded once and this document will be stored in a password protected file to which only Dr. 
Robinson and her team directly related to the project will have access. Other investigators will 
have access to subject data by number only.  Safety and monitoring assessments of the overall 
protocol will occur weekly during active subject testing, at regular meetings with Dr. Robinson, to 
ensure both subject safety and protocol consistency. 
YOUR RIGHTS AS A RESEARCH PARTICIPANT 
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Participation in this study is voluntary. You have the right not to participate at all or to leave the 
study at any time. Deciding not to participate or choosing to leave the study will not result in any 
penalty or loss of benefits to which you are entitled. 
The procedure of early withdraw from the study will be to inform the researcher at any time during 
the process.   
CONTACTS FOR QUESTIONS- OR PROBLEMS 
Contact Risa Robinson, Ph.D. at 585-475-6445 or rjreme@rit.edu if you have questions about the 
study, any problems, unexpected physical or psychological discomforts, any injuries, or think that 
something unusual or unexpected is happening. 
Contact Heather Foti, Associate Director of the HSRO at (585) 475-7673 or hmfsrs@rit.edu if you 
have any questions or concerns about your rights as a research participant. 
Consent of Subject (or Legally Authorized Representative) 
Signature of Subject or Representative                        Date 
_________________________________________________ 
Upon signing, the subject or the legally authorized representative will receive a copy of this form, 
and the original will be held in the subject’s research record. Unless otherwise required by the 
HSRO, Exempt research does not require a signature.  For all other research, in some cases it 
may be in the best interest of the subject not to collect a signature and the HSRO will advise you 





Waiver to Participate in Research 
PROJECT TITLE  
Developing Methods for Measuring Electronic Cigarette Consumption 
Continuation of Original Scope – Video Recording in Laboratory 
 
CONDITIONS OF WAIVER 
You are interested in participating in a research study.  
Before you agree, the investigator must tell you about (i) the purposes, procedures, and duration 
of the research; (ii) any procedures which are experimental; (iii) any reasonably foreseeable risks, 
discomforts, and benefits of the research; (iv) any potentially beneficial alternative procedures or 
treatments; and (v) how confidentiality will be maintained.  
Where applicable, the investigator must also tell you about (i) any available compensation or 
medical treatment if injury occurs; (ii) the possibility of unforeseeable risks; (iii) circumstances 
when the investigator may halt your participation; (iv) any added costs to you; (v) what happens 
if you decide to stop participating; (vi) when you will be told about new findings which may affect 
your willingness to participate; and (vii) how many people will be in the study.  
In the Informed Consent for the project Developing Methods for Measuring Electronic Cigarette 
Consumption this information is available. If you are not ready to quit smoking you must sign this 
waiver stating that you decline cessation treatment before continuing the enrollment process. You 
will also need to sign this waiver stating that you meet the inclusion/exclusion criteria that was 
described in Table 1, along with a release of information form. If you are a women you are required 
to sign this waiver stating that you are not pregnant and do not intend to become pregnant during 
the course of the study.  
I,_______________________________, the participant do not intend to quit smoking and decline 




_________________________________   __________________________ 
Signature of participant       Date 
 
I,_______________________________, the participant meet the inclusion/exclusion criteria that 
was described in the Informed Consent in Table 1.  
__________________________________   __________________________ 
Signature of participant       Date 
 
I,________________________________, the participant am a women interesting participating in 
the research who is not pregnant and do not intend on becoming pregnant during the course of the 
study. If I do become pregnant I will inform the investigators. I understand my compensation will 
be prorated.  
___________________________________   __________________________ 
Signature of participant       Date 
 
 
